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Preface

The purpose of this thesis was to simulate some
classical and innoQative digital filter structures. The
effect of finite word length limitations in the amplitude
response of various digital filters was investigated. Also,
a comparison of the result included by response and sensi-
tivity will be discussed.

This report develops the theory of 12 different
digital filter structures. Six of them, which are FIR
(Finite Impulse Response) digital filters, are chosen for
simulation. Anyone who is interested in the finite word
length effects of these digital filter structures should
find the computer programs in Appendices B, C, and D to be
useful.

I want to thank my advisor, Dr Vagar Syed, who has
given me timely guidance essential to the completion of this
study. A special thanks is also expressed to my committee
members, Dr Tom Jones and Lt Col John Carnaghie, for their
expert advice. Finally, a thank you is extended to all the
students and staff of the AFIT Digital Signal Processing

Laboratory for their technical support.

Harun Inanli
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R One of the main problems in digital filter implemen- |
0 ‘
;& tation is that all practical devices are of finite precision. .
A
b Therefore, the finite word length effect of digital filters

%D is an area of high interest.

:E There are various types of digital filter structures.

o

&,

o Due to the effect of finite word length registers, each

ff digital filter structure gives a slightly different output

Y

N response for the same transfer function. Therefore, it is
Y o

Ol

*

< GE? important to find the best filter structure which has the

jr ) lowest affect on the output response for the same transfer
0%

e function.
f? In this paper, six IIR (Infinite Impulse Response)

-QJ digital filters and six FIR (Finite Impulse Response) digital

-
13 filters are investigated, theoretically, for the low sensitiv-

.*:

- ity due to a finite word length register. In addition, the
’iﬁ six FIR digital filters are simulated by computer to obtain
pLw
-;5 practical results. Finally, it will be shown that NS (Nested
0y
o Structure) digital filters produce the "best" response if
!\ .

> minimum sensitivity is the figure of merit.
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STUDY OF FINITE WORD LENGTH EFFECTS IN SOME

SPECIAL CLASSES OF DIGITAL FILTERS

I. Introduction

A digital filter is a system which is used to pro-
cess discrete time signals. The filter can take one of the
two forms. In one form, the filter could be simply a numer-
ical signal processing algorithm, which can be implemented
on a general purpose or a special purpose digital computer.
In the other form, the filter could be a dedicated piece of
hardware, specially designed to fit a particular processing
scheme. The choice of one form over the other involves
several considerations. For example, the computer implemen-
tation is the most flexible one of the above two schemes.

A simple program change is all that is required to implement
a different filter. As to be expected, a hardware implemen-
tation is not as flexible. On the other hand, a digital
computer implementation is inherently slower than the hard-
ware implementation. Furthermore, hardware implementation
may be cheaper in terms of hardware cost, but more expensive
in terms of development cost. No matter which particular
form is chosen, the so-called "finite word length effects"
should carefully be taken into account for any useful imple-

mentation of a digital filter. These effects stem from the

........
.....
------




fact that any digital computer or digital network operates

with finite number of bits. Thus, signal quantization,

ﬁd} filter coefficient quantization, and register overflows

«:; must be expected. Depending upon what particular structure
355 one wants for a filter implementation, these effects,

fﬁ commonly called the "finite word length effects," will result
f; in significantly different filter responses.

;ﬁ A desirable implementation of a digital filter is

;1. the one that minimizes the effect of finite word length on
'*3 the filter performance. We will term such an implementation
"3 the '"low sensitivity realization.'" The main purpose of this
t§ study will be to examine from literature, various low sensi-
iéé tivity structures, analyze bounds on their performance and
.'“ @ present a comparison of these realizations in terms of

;? coefficient sensitivity and round-off errors. The work

i? presented here will be based on computer simulation of digi-
‘{ tal filters using register lengths of variable number of

gf bits and the finite precision arithmetic.

oY

?ﬂ Scope of This Study

A,

o This study involves both theoretical and experimental
;Eé investigations. The main goal of this thesis is to implement
:E: typical digital filters of the low-pass, band-pass, and high-
fﬁ: pass type using various structures reported in literature.
%1 Then, taking into account the finite word length limitations
:ia of digital machines, the filter will be theoretically analyzed
f'. o for register overflows, amplitude response errors, and limit
wSoRa 9
&
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cycling (if any). These theoretical predictions will be
~x\‘
e compared with digital filters of various word lengths simu-
lated on the digital computer in the AFIT Digital Signal

Processing Laboratory.

Organization of This Thesis

This thesis has been organized as foilows. Follow-
ing this introduction chapter, Chapter I, we present in
Chapter II a brief review of the theory, terms and defini-
tions that pertain to digital filters. Included here will
be the finite impulse response (FIR) and infinite impulse
response (IIR) filters, digital filter realizations, number
systems and their properties.

In Chapter III, some recently reported and some

c:, commonly known structures for the realization of digital
filters, both for IIR and FIR filters, will be reviewed.
Various issues related to the finite word length of digital
systems will be described here. Furthermore, a sensitivity
analysis of the various filter structures described in this
chapter will be presented along with theoretical upper
bounds on their performance and limit cycling (if any) due
to the round-off noise effects.

In Chapter IV, simulation examples of the digital
filter structure described in Chapter III will be presented.

£l e
LA )
A
',

W

e T T A N N N AT u&ﬂm&j{iﬁﬁi



AT «® a S AR Y R A NN R FRA NI YA u"e AN e T T e T T T - o Lt R
e

i

R

N Finally, in Chapter V, a conclusion of this study

LA Y

A '23; will be presented, and possible directions for future work

on this subject will be outlined.
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II. Digital Filter Preliminaries

Introduction

A digital filter can be represented by a network
which contains a collection of interconnected elements.
Analysis of a digital filter is the process of determining
the response of the filter network to a given input.

This chapter is an introduction to the basics of
digital filters. A brief review of basic definitionms,
terminology and mathematical preliminaries related to the
digital filter will be presented here.

The Digital Filter As A System

A digital filter can be defined as an operator
which transforms an input sequence x(n), n=0, 1, *2, +3 ...

into an output sequence y(n) , written symbolically as
{y(n)} = T{x(n)} (2-1)

where T is the transformation operator. We will be con-
cerned here with the class of operators which are termed
linear and shift invariant. An operator T is linear if the

principle of superposition holds; i.e., if
{yl(n)} = T{xl(n)}

and

{yz(n)} = T{xz(n)}




o Yol e L o I N e M W o T Y L T e o N Tl Ve et R o % oA

e
S00
&
=
RN _ then
\\ :f'.':-
{a,y1(n) + 0gy,(n)} = T{ayxy(n) + ayx,(n)} (2-2)
=
‘%ﬁ where a, and a, are constant.
¥ An operator T is shift invariant if a shift of m
oie in the input sequence {x(n)} produces the same shift m
o
i:; in the same direction in the output sequence {y(n)}
i That is,
Ny
W ' {y(n-m)} = T{x(n-m)} (2-3)
50
) A digital filter satisfying the properties defined
_ﬁs by Equations (2-2) and (2-3) above is called a linear shift-
gs invariant digital filter.
Q.\I
WY GE’ A more restricted class of linear time invariant
NN digital filter can be defined by imposing causality and
\‘
'_.‘}.f stability. A causal system is the one for which the output for
>
0 any n=n, depends on the input for nSno only; i.e., if
,}g the input sequences xl(n) and xz(n) are such that
-.}-‘
:;ﬁ xy(n) = x5(n) for nsng
and
xl(n) ¥ xz(n) for n>n, (2-4)
then, the output sequences yi(n) and yz(n) are related as
yl(n) = yz(n) for n<n (2-5)
S
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This is illustrated in Figure 1.

Nl(n) xz(n)
¢ 'y
, . I |
n > n , : + N
0 o
: — 0 - N rnO | : — 11
() (b)

Figure 1. Illustration of Causality:
xl(n), (b) Response to xz(n)

A stable system is one for which every bounded input
produces a bounded output. In this study, we¢ will only con-

sider causal and stable digital filters. Furthermore, without

(1) Response to
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loss of generality, we will assume that the input to the
digital filtérs discussed in this thesis are sampled time-
domain signals, and that the outputs are also sampled time-
domain signals specified at the sampling instants nT, n = O,
1, 2, oo . Thus, instead of the nomenclature '"shift-

invariant,” we will use "time-invariant.'” Furthermore, we

.will assume that the sampling rate employed satisfies the

Nyquist criterion given by the following statement of the
sampling theoren.

The Sampling Theorem. A band limited signal having

no spectral components above a‘frequency of B Hz is deter-
mined uniquely by its values at uniform intervals spaced no
more than f% second apart.
For proof, the reader is referred to [1] or [2].
Fundamental to the design of linear, time-invariant
digital filters is the Z-transform concept. We, thus,

briefly review the essentials of the Z-transforms.

The Z-Transform

The two-sided Z-transform X(z) of a sequence x(n)

is defined as

X(z) = ZIx(n) z B (2-6)

n=-c

where 2z 1is a complex variable of the form 2z = ¢ + jw .

If the summation proceeds for n20 , we have the

one-sided Z-transform Xl(z) defined as
8

.....




Y

.".

o

s

N w

S X,(2) = Ix(n) z7" (2-7)
! LR n=0

. The infinite series of Equations (2-6) and (2-7) does not
2

‘_E-; always converge. However, we assume that for the sequences

; of interest here, the ser:tes7 do converge.

._ If the Z-transform of a sequence x(n) exists, then
ol

b the sequence x(n) can be recovered from X(z) via an

. inverse operation called the inverse Z-transform, given by
»,

N

NN .1 n-1 _
::-_._ x(n) o7 '?X(z) z dz (2-8)
aX

A Here, C 1is a counterclockwise closed contour in the region
£

8

::'.‘:;_-' of convergence of X(z) , and encircles the origin of the
- - '

@ Z-plane. The details of the contour integration of

!‘, ’

ﬁ: Equation (2-8) are outlined in (3] and [4].

Cat]

:;:: A few properties of the Z-transforms and the rela-
N
» tionship of the Z-plane with the S-plane which will be

5 ’
z} useful in the subsequent development are reviewed next.

'l
:E (a) Linearity. Consider two sequences x(n) and
iy y(n) , with Z-transforms X(z) and Y(z) respectively;
LN

'.“;l‘: i.e., symbolicly,

aTs

A

YA Y
- Z[x(n)] = X(2)

’7_4

,.;:j‘ and

)

I.:J

Zly(n)] = Y(2)
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bi . then, for constants a and b
SR
' Z{ax(n) + by(n)] = aX(z) + bY(z) (2-9)
R
R (b) Shift. Consider a sequence x(n) such that
b
N Z[x(n)] = X(2)
;3 then
R
- Z[x(n:m)] = z® X(z) (2-10)
%
:5 Thus, for example, for constants a, b, and c
.‘\'
] Zlax(n) + bx(n-1) + cx(n-2)] = aX(z) + bz~ X(z)
N
)
2 + cz72 x(2)
o
o) .
Ci, (¢c) Convolution of Sggpences. The convolution sum
>, -
5; of two sequences x(n) and h(n) is defined by the follow-
\-O
G; ing two equivalent summations:
L4
;.-f +o
ui Z x(k) h(n-k)
o k=
-
" -
Z x(n-k) h(k) (2-11)
k=-ow

LI A
A N hY

I1f, for a linear time invariant filter, h(n) and

x(n) represent its impulse response and input, respectively,

Rl
P
..

then its output y(n) is given by the above two summations.

v
.

Denoting the convolution by *, we then write

‘._.: N .$f'\-:.
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NI y(n) = x(n) * h(n) (2-12)

Y Convolution in the time domain is equivalent to the multi-

T plication in the Z-domain. Thus
Y(z) = X(2) H(z) = H(z)X(2) (2-13)

5 where

o Y(z) = Z[y(n)]
X(z) = Z[x(n)])
H(z) = Z[h(n)]

(d) Initial Value Theorem. If 1lim X(z) exists and

,. - ':. ] Z->
. < x(n) 1is zero for n<0 , then

R x(0) = lim x(n) = lim X(2)
@ >0 Z >0 (2-14)

K-« For example:
x(n) = um)[ 3+ 2 (-1

Y where u(n) is the unit step. The Z-transform of x(n)

-] is

«
3 ZIx(n)] = X(2) = gz Pyrein-

O Initial value in time-domain and Z-domain are

4 lim x(n) = 1
N n~+0
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lim X(z) = 1

Z>00
o So,
o 1im x(n) = lim X(z)
-, n-+0 Z»>co
I
0% (e) Final Value Theorem. If X(z) converges for
bAY |z|>1 and all the poles of (1-z)X(z) are inside the unit

circle, then

\S«.‘
:'.{';:: 1
-3q lim x(nT) = 1lim [(1-z ")X(2)] (2-15)
::{:q n-+« Z"l .
"
:Q& Mapping to the Z-Plane. The relationship between
N
_ :: points in the Z-plane and the S-plane is described by
ey ‘

e z = 'S (2-16)
XX
2N
:'.i-\. where
AN

' e =2.73
4 T = sampling time
{f? ' z = Z-plane parameter
"-:"

' s = S-p;ane parameter in the complex form of o+juw
&;f The transformation can be investigated by inserting
T S = og+jw into Equation (2-16) to obtain
AT
o z = 9T oJuT (2-17)
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Sampling time can be found from

_ 27
T = E; (2-18)

where wy is sampling frequency. Let us substitute Equa-

tion (2-18) into Eguation (2-17). Therefore

z = T J2mu/us (2-19)

Equation (2-19) shows that:
1. Lines of constant 94 in the S-plane map into

. . 01T
circles of radius equal to e

in the Z-plane. Specifi-
cally, the segment of the imaginary axis o in the S-plane of
width wg maps into the circle of unit radius in the Z-plane.
So, the condition for stability is that all roots of the
GE} characteristic equation lie within the unit circle.

2. Lines of constant w in the S-plane map into
radial rays drawn at the angle T in the Z-plane. The por-
tion of the constant w line in the left half of the S-plane
becomes the radial ray within the unit circle in the Z-plane.

The corresponding paths, as discussed above, are shown in

Figure 2. For further detail, the reader is referred to [5].

Classification of Digital Filters

In general, linear shift-invariant digital filters

are classified into two major groups:
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1. IIR (Infinite Impulse Response) filters or

recursive filters.
2. TFIR (Finite Impulse Response) filters or non-
recursive filters.

Infinite Impulse Response Filters. A filter defined

by an impulse response sequence for which the range of non-
zero values extends to positive infinity, negative infinity,
or both. The current output for IIR filters depends upon
current and/or previous inputs as well as previous outputs.
This input-output relationship satisfies the difference

equation,

N

M
y(n) = ;Zlaky(n—k) + I bkx(n-k) (2-20)

k=0

where

y(n) = output sequence

x(n) input sequence
ak’bk = digital filter coefficients

N,M

the number of poles and zeros, respectively

In the Z-domain, Equation (2-20) can be represented
by its transfer function H(z), which in this case has a very

simple form.

Y(z) = H(z2)X(z) (2-21)

15




where H(z), the filter transfer function, is given by

M
Zb
k=0

-k
kZ
H(z) = (2-22)
-k
1+ I a, 2
k=1 X

The roots of numerator and denominator polynomials are

the zeros and poles of the filter, respectively, in Equa-
tion (2-22). The poles determine the stability of digital
filters. Thus, if the poles of a digital filter are inside
a unit circle in the Z-plane, the filter is stable.

Finite Impulse Response Filters. A filter defined

by an impulse response sequence which is nonzero over only
a finite range and the output is independent of previous
output. In this case, the filter coefficients satisfy the

following conditions in Equation (2-20)
a, = 0 for k#0 (2-23)
The difference Equation (2-20) reduces to

M
y(n) = I bk x(n-k) (2-24)
k=0

and, hence, the transfer function in Z-domain reduces to

u -k
H(z) = b z (2-25)
k=0

16
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Xo0) M
gQ; ] If the above equation is multiplied by =5 - Ve get
‘;: 00 z
N =t
; M
3 T b, MK
- ' k=0 *
N H(z) = (2-26)
(_: N z
A It is obvious from Equation (2-25) that FIR filters have
N
S;ﬁ only finite zeros; all the poles of these filters are located
o
‘:P'. at Z = 0 .
-, The choice between an FIR filter and IIR filter
A .
:ﬁg depends on the application. High selectivity can easily be
(94N
W5 achieved with low-order transfer function in application of
Ny IIR filters by placing the poles anywhere inside the unit
N
?i} circle. In the case of FIR filters, this can be done only
e Gﬁ’ by using a relatively high order for the transfer function.
‘qg In practice, the cost of digital filter tends to increase
.:‘.J'.
'::‘;2: and its speed tends to decrease as the order of transfer
h N
"W function is increased. Hence, for high-selectivity appli-
23 cations, the choice is expected to be an IIR filter. How-
.
ﬁ? ever, FIR filters have two attractive properties. First,
;; there is the possibility of designing exact linear phase,
§€- required in many applications. Second, FIR filters are
el
!ﬁ} never unstable. A detailed consideration about this subject
'y is given in [6].
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Realization

From Equations (2-22) and (2-25) in the previous
section, it is obvious that the basic operations required
for realization of these equations are additions, shift and
multipliers. The interconnections of these basic operations
specify the filter structure.

There are an infinite variety of structures that
will result in the same relationship between the input
samples x(n) and the output samples y(n) . The selec-
tion of the filter structure is very important in design
process because it directly affects the efficiency and
performance of the filter. 'Further details of the various
digital filter structures and their effect on the efficiency
and performance of digital filters will be discussed as
needed in the chapters that follow.

As discussed in the previous chapter, the process
of quantization is fundamental to digital filters. The
following section is concerned with a brief description of

this important aspect of digital machines.

Quantization

After the selection of the filter class and structure,

the next step is the realization of this structure via a

general purpose computer or special purpose hardware.

Y

Either way, there is an inherent limitation on accuracy,

because all digital networks operate with only a finite
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E; . number of bits, which in turn specify the register word

'A; %25 length. This means that the coefficients used in implementing

\ii a given filter will, in general, not be exact, and therefore

ié the poles and zeros of the filter will be different from the

. desired poles and zeros. This movement of poles and zeros

sf causes errors in the desired output of the digital filter,

EE and in the IIR case, may even make it unstable!

= The quantization of coefficients and signal in

;; implementing a given filter is achieved either by rounding

ii or by truncation (chopping). We thus discuss rounding and

‘T truncation in the binary domain in the following paragraphs.

*g Rounding. In rounding, a one or zero is first

§§ added to the tth bit (t is the number of bits in the register
cz: word length excluding sing bit) according to whether the

;3 ) (t+1)'th bit is one or zero. Then, only the first t bits

E% of the results are kept. For example, let us assume arbi-

.{' trary number for coefficients or signal a = 0.234 and the

:ﬁ register word length t = 7 . The binary representation of

;g this number is 0.001110111. Since the word length is limited

%‘ to seven bits and the 8th bit is a one, one is to be added

., to the 8P bit of numbers. Then, the result is 0.0011110.

Eﬁv So, the number will be realized as 0.0011110 instead of

'. 0.0011101111 . . . .

Ez Truncation. In truncation, those bits beyond the

S

most significant t bits are simply dropped. Thus, in the

above example, the number used in rounding will be realized

:a '2":.’
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ny as 0.0011101 if computations are based on truncation tech-

RO nique.

‘AH The error resulting from number quantization will
;gg change the desired input and filter coefficient. This error
gﬂ can be classified in various categories as follows:

Eﬁ 1. Input-quantization errorsA
’:g 2. Coefficient-quantization errors

s 3. Product quantization errors.

;Ea In addition the word length, the accuracy of a

EQ‘ digital filter depends on two important factors: (1) the
k.- type of arithmetic used, and (2) as stated before, the

>$§ form of realization.

i

és Number Representation

W C§3 : Before studying the error behavior of digital

jé filters, it is necessary to describe how the numbers, used
:ﬁ in the implementation, are represented. The implementation
x of digital filter is based on the binary number representa-
Ei tion. Binary number is represented as a string of binary
gﬁ digits (bits) that are either zero or one with a binary

_;; point dividing the integer part from the fractional part.

; There are two possible ways of specifying the posi-
é: tion of the binary point in a register: one, by giving it
Y a fixed-point position, which is known as '"fixed-point

;‘; binary number representation," and the other, by employing
&
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A3
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a floating-point which is known as "floating-point number
representation.” In fixed-point, binary point is always
fixed in one position. The two positions used are: (1) a
binary point in the extreme left of the register which makes
the number fraction, and (2) a binary point in the extreme
right which makes the number integer. For example, let "a"

be the arbitrary binary number and A the binary point.

a = A 10110101

(binary point in the extreme left position)

a 10110101

A
(binary point in the extreme right position)

In a floating-point arithmetic, no specific physical
position of the register is assigned to the binary point.
The numbers need two registers. The first represents a
signed fixed-point number and the second, the position of
the radix point. The contents of the first register are
called the coefficient or mantissa and the contents of the
second register is called the exponent (or characteristic).

Floating-point is always interpreted to represent a

number in the following form:

c.re

where c¢ represents the contents of the coefficient register

and e , the contents of the exponent register. For example

\
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g
»
~
N
nl.
f,f the number +1001A110 can be represented as follows:
ey e
l:.‘ .-!...I.
a - 0100111000 00100
~ (coefficient) (exponent)
hY
3
::: The first bit, at the extreme left in both registers, 1
represents the sign bit. Zero stands for positive, and one
:l'_f stands for negative numbers. For detailed information about
~{
,,‘_'.' the number representation, the reader is referred to [7] or ]
[8]. This study will be based on fixed-point binary number i
representation, with the binary number in the extreme left }
.t ]
:: of the register, representing the sign of the number. j
. i
‘ There are many other schemes for the representation
j:l: of negative numbers. The reason that this particular scheme
X
::3: was chosen for number representation, as we will discuss
) a later in this chapter, is to make the handling of addition
::5 and subtraction easy. 1In this number representation, when the
.,.\ number is negative, the sign is represented by a "1" in the
extreme left position of the register, and the rest of the
-:: number may be represented in any one of the following three
-x.
E different ways:
1. Sign-Magnitude
:} 2. Sign-1's complement
~
.‘:: 3. Sign-2's complement
I— As an example, the binary number 6 is written below
$ by using 4-bit available register in the three representa- X
,,:.' tions.
L L~
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+6 -6

Sign-magnitude 0110 1110
Sign-1's complement 0110 1001
Sign-2's complement 0110 1010

The "0" in the left-most bit of the register represents the
positive numbers. As we can see from the above example,

the representations of positive number are the same in all
systems. The magnitude of sign-1's complement is obtained

by exchanging O and 1 in sign-magnitude representation.

Then, two's complement is obtained by adding 1 to the sign-1's
complement. In this study, the numbers are represented by
sign-magnitude. However, when they are added or subtracted,
they are represented in sign-2's complement. The basic
operations of shifts, additions, and multiplication are next

discussed in the number system used in this thesis.

Shifts

Shift is the basic operation of binary multiplaction,
and can be a shift-left or a shift-right. 1In any case, the
sign bit should remain the same. 1In arithmetic, shift-left
multiplies a signed binary number by 2. 1In arithmetic,
shift-right divides the number by 2.

Addition
The addition can be done in all number systems; but

the easiest way to handle the addition is sign-2's complement

23
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addition [7]. Both augend and addend are represented in

sign-2's complement and the sum is obtained in sign-2's

complement also. The advantage of sign-2's complement

addition over the others is that the sign bit is automatic,
P

and thus, one does not have to worry about it. An example

is shown below

-9 1110111
+ -9 + 1110111
-18 1101110

As we can see from the above example, including
sign-bit is added and a carry in the most significant (sign)
bit is discarded. For further detail about this, the reader
is referred to the reference [8] or [9]. Another problem
that we can run into during addition is overflow. When two
numbers of n digits each are added and the sum occupies
n+l digits, we say that an overflow has occurred. There
are a variety of ways of checking the overflow. In this
study, we handle overflow by setting another bit after sign
bit to the augend register. Let us look at an example:
first without checking overflow and the second with checking

overflow.

-35 1011101
+ =40 + 1011000

+53 0110101 incorrect
- _35 01011101
+ =40 + 1011000

~-75 10110101 correct

24
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SR Multiplication
-::':‘f. ’."-‘,:'f In digital filter implementation, multiplier is the
h
;;, device which takes most of the time. Both multiplicand and
LS 1)
N multiplier require n bit register to represent the
LN
e number in sign-magnitude number system. But, the product
- register requires 2n bit register to get the correct result.
i&i Multiplication of two fixed-point binary numbers in
o
;f sign-magnitude representation is done with paper and pencil
2;$ by successive additions and shifting. For example,
L
;}j 6 110
Vi x 3 x 011
i 18 110
1:; 110
BE . 10010
&Q The sign of the product is determined from the signs
e
o) ' of the multiplicand and multiplier. If they are alike, the
‘?j sign of the product is plus. If they are unlike, the sign
fj of the product is minus.
X In digital filter implementation, it is convenient
2 to change the process slightly for multiplication exnlained
fjkﬁ above. Instead of providing digital circuits to store and
ﬁ;; add simultaneously as many binary numbers as there are ones
! .
:: in the multiplier, it is convenient to provide circuits for
“~ .'.
PO the summation of only two binary numbers and successively
ey
e
:}: accumulate the partial product in a register. The previous
R
- numerical example is repeated here to clarify the proposed
e ‘-‘:-
e - 25
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multiplication process:

multiplicand 110
multiplier 011
1st multiplier bit=1 copy multiplicand 110
shift right to obtain partial product 0110
2nd multiplier bit=1 copy multiplicand 110

add multiplicand to previous partial product 10010
shift right to obtain 2nd partial product 010010
3rd multiplier bit=0, shift right to obtain
the final product 0010010
We can ignore the zeros at the left hand side; thus,
we can easily see that the above is the same result as we

obtained with the hand calculation.

Summary

In this chapter, we reviewed a number of basic defi-
nitions related to digital systems, including realization,
quantization and number systems.

The definition of digital filters, linearity,
causality, and stability were presented and the z-transform
was reviewed. Some theories in z-transform such as linearity,
shift, convolution, initial and final value, and the relation
between the s-plane and the z-plane were studiedf

The two broad classes of digital filters such as FIR
and IIR were considered and their comparisons were made. The

definition of realization and quantization, type of

26
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quantization, such as rounding and truncating, were out-
lined.

Finally, number systems such as floating point, fixed
point, signed magnitude 1l's complement, 2's complement and
arithmetic operations such as shift, addition, multiplication,

and overflow problems were reviewed.
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:Ei 3 III. Realization and Sensitivity Analysis

&;- Introduction

N

’: The realization is the step in digital filter

i; implementation process that converts a given transfer func-
i#' tion into an algorithm or a network. The realization step
'Ei is carried out on the assumption that the arithmetic devices
'5% to be employed are of infinite precision. Since practical
*} devices are of finite precision, it makes the realization

fﬁ of digital filter more complicated.

é? There are various types of filter structures; and
,ﬁé due to the effect of finite word length registers, each one
&; of them gives slightly different output response for the

- (33 same transfer function. Therefore, it is important to find
:§: U the filter structure which has the lowest effect on the

gs output response of the filter.

S? In this chapter, previously well-known fiiter struc-
i;: tures and a recently reported new structure [13] will be

if discussed for both IIR and FIR systems. Considered struc-
‘? ture are direct, cascade and parallel, as well as a newly

;3 reported structure, the so-called 'Nested Structure" (NS).
?é Along with the realization of the filter structure, the

:EF sensitivity will be analyzed. To do this, it is more con-
}E venient to consider IIR and FIR filters separately.

I
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iff Direct Form
A
RO It is one of the simplest forms of realization, and
o) can be obtained by examining Equation (2-20) for IIR and
e
g}{ Equation (2-24) for FIR filters. Kaiser [11] has shown that
n\:.
uﬁf the sensitivity of the filter response to the accuracy of
Sy representation of the denominator coefficients in the IIR
AYRN
i%f direct form increases very rapidly with increases in filter
RN
N order compared to either the cascade or the parallel form.
N However, in this study, it is shown that the same is not
RO
-g‘ true for FIR filters.
RO
BN IIR Filters. This filter is characterized by an
N input-output relationship of Equation (2-20), or equiva-
YR
:§3 lently by its Z-domain transfer function H(z), which is
R A given by Equation (2-22). For the purpose of realization,
o
g Equation (2-22) can be written in the alternative form
)
-5
i by + blz_1 + bzz-2 + ...+ sz-M
B(z) = T =) =
'::_:.: 1+ ay2 + a5z + ... 4 oayz (3-1)
T
jﬁz The direct form is simply defined to be a straightforward
o
implementation of Equation (2-20) or Equation (3-1). The
~
ﬁﬁ corresponding digital filter structure is shown in Figure 3.
:'-,‘.ﬁ: ‘Note that the direct formhas the minimum number of delay elements.
O
x FIR Filters. The input and output relationship of
I
‘fﬁ FIR filters is expressed by Equation (2-24), rewritten below
:;j for convenience, and labeled by (3-2).
L L
RO RO
%ﬁl S 29
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.5 . M
-‘,'_.::3 y(n) = I h(k) x(n-k) (3-2)
, -’ k=0
s The transfer function H(z) in the Z-domain can then be
- expressed as,
. J
. !
-, M -k )
;g H(z) = I h(k)z (3-3) )
iKY k=0 1
H(z) is a polynomial in z'1 of degree M. Thus, H(z) has H
- 1
>, 1
N M poles at z=0 and M zeros that can be anywhere in the k
»ﬁf finite Z-plane. The structure shown in Figure 4 is simply ;
‘ﬁ a straightforward implementation of Equation (3-3). It is
E obvious that the direct form structure for FIR systems is
- a special case of the direct form structure for IIR systems
. ‘EE when all the coefficients a, of Equation (2-20) are zero.
- Cascade Form
..!
Cascade structure is obtained by factoring the
ﬁ numerator of the transfer function H(z), which is an nth
~ _
o order polynomial in 2z 1, into numerous second order factors
involving the powers z'2, z'l, and zo. Each one of these
ff second order polynomials is then realized as a second order
-
N filter section. Cascading these sections results in the
e required digital filter. There is clearly considerable
\' -
i; freedom in the choice of the ordering of these sections. K
-
{
4




| g atrarare B o v - ~

v

B T Tkt Tt S

.

.

T TV w YT

M
¢
t

SI83171Td 1811310 YId 407 wWIod 39941(d

‘Y 2an3dry4

- “ ‘\,

Nt—l. e e —a- 1-% | 1-2 lo- @ 1-2 q

o

(AL

Oy

\nAT., o -

(04

(Z)X

el AR A DRNENT X NN

2%, \'..- TSP . . MR IO LR A AR

ARAARERF  RRARRANI  ARAARAA

IRAAARAS
-.O.-t




OO
RN AN

%

i

Cascade structure tends to have comparatively low sensi-

tivity to the filter parameter variations [1].

IIR Filters. Digital filter transfer function H(Z)

expressed by Equation (2-22) can be factored into a product

of second order transfer function as

M
H(z) = I Hi(z) (3-5)
i=1
where
b, +b, z 1+ b, z72
0 1 2
_ i i i
H(z) = =T )
1+ a.1 z + az z
i i (3-6)

Each Hi(z) is then realized separately. The resulting
filter structure is shown in Figure 5.

There is conéiderable flexibility in the manner in
which the poles and zeros are paired together and in the
order in which the resulting second-order subsystems are
cascaded. However, they have slightly different response
due to the finite word length effect. We will show some
examples to illustrate this phenomenon in Chapter 1IV.

FIR Filters. Similar to IIR filters, the digital

filter transfer function H(z) expressed by Equation (2-25)

can be factored into a product of second-order transfer.

33
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function is

: M

N H(z) = I Hi(z) (3-7)
AN ‘ i=1

F N

v,

)y

'h'.'\-

N where

.:-:,... H _1 _2

(2z) =b, + b, 27" + b, 2z (3-8)
N i 0 1. 2

i i i

(N

- The corresponding filter structure is shown in

el Figure 6.

AR

:.‘;:‘: We have seen that each second-order section of FIR
A filter is the special case of the second-order section of
2 IIR filter in which all the poles are located at z=0.

Co e

o

@ Parallel Form

":';.E ] One of the important parameters in digital filter
f:?j-'; implementation is the computation time required to get the
“ﬁ‘:i

. output response from the given input which, in turn, depends
,:: on the operational speed of each device used between the

nta, .

";?; input and the output. When the speed is important in

S

N implementation, parallel form is very convenient.

- Parallel form, similar to cascade form, is obtained
_“ by partial fraction expansion of the transfer function H(z),
into numerous second order factors involving the powers z-z, z'l,
;3. and z'o. Each one of these second-order factors is then realized
oo
L
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£
Y
j% . as a second order filter section. Instead of cascading,
AR
i? oY connecting in parallel of these sections results in the
:;.; required digital filter.
o0\
Qp IIR Filters. Digital filter transfer function H(z)
e
2% given by Equation (2-22) can be expressed as a partial-
35 fraction expansion in the form
(N
\'i':
D M
-, H(z) = I H(2) (3-9)
i=1
o
ﬁf where Hi(z) is of the same form as given by Equation (3-86).
;f These second-order transfer functions Hi(z) are
At
’ then connected in parallel. The result is the filter
structure shown in Figure 7.
.(i? FIR Filters. Digital filter transfer function H(z)
O given by Equation (2-25) can be expressed as a partial
—~
fﬁ fraction expression in the form:
..:.
M
H(z) = I H,(2)
'. =1 1
e
RSN
= where Hi(z) is the same as Equation (3-8). The corres-
:S ponding structure is shown in Figure 8.
e
N
EQ Nested Structure
ﬁt, . The direct form, as expressed before, is generally
=~ "
ﬁa " more sensitive to the effects of coefficient quantization
o
sy in fixed-point implementation, if the dynamic range of the
Ny -_.Q‘::\
oy N 37
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',?-’_Z coefficients is large (as is typically the case). The
e [
Z:,‘f J-- cascade form, on the other hand, reduces the dynamic range
,-.' and thereby decreases sensitivity. But the realization in
b .
':Z;; the latter case is more complicated because care must be
'-;":; taken to properly order various sections to avoid overflow
o and to minimize roundoff noise.
’~ Nested structure promises to be an easy and attrac-
. tive solution to the finite word length problems [13]). The
:~.. transfer function of a nested structure filter can be
\:: easily derived by the nesting of the direct form transfer
¥
, function H(z) as shown below.
S 4
. IIR Filters. Instead of writing the summation in
-~
'2-;: natural form, as shown in Equation (2-22), let it be
¢
22 G.,\ arbitrarily permuted. Thus
Z:".:_: M -p
:;.- I by 2 k
N H(z) = =0 K (3-10)
v -pk
. 1+ Za 2Z
k=1 Px
-
where p, 's are the permuted elements of the set {0,1,2,...1}.
- Equation (3-10) can be rewritten in the form
o -p -p -p
N bz°+bz‘1+..+sz
- H(z) = —2 71 .
e -pl -pN
DA 1+a z + ... +a_ z
- 1 Py
= - ~Py “Py)...)
. co(z + cl(z + ...+ ez
R ~ = - - -pN
S <, 2 -
40
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where

"
o’

[« 3
b

]

®

= ,k=2,...,N (3-12)
Pyr_1

Equation (3-11) can be written in alternative form

- -p -p
H(z) = CoZ 0(1 + ¢y 1(1 + ... + Cy2 M)...)

1 -Pq ~Pg . -p
+ dlz (1 + d2Z (1 N dNZ

Ny...)  (3-13)
Corresponding filter structure for Equation (3-11)

is shown in Figure 9 for the case M = N .

FIR Filters. Similar to the IIR case, Equation (2-25)

can he permuted to obtain:

M -pk
H(z) = I b_ =z (3-14)
k=0 Pk

Equation. (3-10) can be rewritten in an alternative form:

=Pg —pl _pM
H(z) = ey(z + eq(z +ooteyz )llL) (3-15)
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where

e, = b
0 Py
b
o = B , n=1 to M (3-16)
n b
Pp-1

Equation (3-15) can be expressed in a slightly different

form as follows:

-p -p -p
0(1 + eqz 1(1 + ... + e,2 M)...)

H(z) = e M

0Z (3-17)

Corresponding filter structure for Equation (3-15) is shown

in Figure 10.

Cascade-Nested Form

Similar to the direct form, the equation for a
nested structure transfer function can be factored into
numerous second order factors involving the powers z'2, z'l,
and zo. Each one of these second order polynomials is then
realized as a second order filter section. Cascading these

sections result in the required digital filter.

IIR Filters. Nested filter transfer function H(z),

expressed by Equation (3-11) can be factored into a product

of second order transfer functions as

M
T H.(2) y
j=1 1

H(z) =

43
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where

-p -p -p
co.(z 0 + cl_(z 1 + cy 2 2))

Hi(z) = 1 1 1
“Py ~P2
1+ d1 (z
i

+ d2 z )

Corresponding filter structure is shown in Figure 11.

(3-18)

1 — X(z)
)4 -3

Figure 11. Cascade-Nested Structure for IIR Filters
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FIR Filters. Similar to IIR filters, nested filter

transfer function H(z) expressed by Equation (3-15) can be

factored into a product of second order transfer functions

as
M
H(z) = 1 Hi(z)
i=1
|
where ‘

-p p -p
H(2) = ey(z O+ ez 1+ e,z 25y

Corresponding filter structure is shown in Figure 12.

. X(z)
2! | — {271 . 4=
I i
92 1 °0
() ()
Y](Z)
|
{
)
1
]
[}
‘YM'I(Z)
2-1 ! 1 z-1l
I | '
l !
2 °im . 0y  Yu(2)

Figure 12. Cascade-Nested Form for FIR
Digital Filters
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?? , Parallel-Nested Form
- e
A Similar to cascade form, parallel form is obtained
'ﬁ_ by expanding the nested structure transfer function equations
Y
L3S -
i& into numerous second order factors involving the power z 2,
A -
e z 1, and zo. Each one of these second-order factors
:; is then realized as a second order filter section. Instead
-F"
of cascading, as above, connecting these sections in parallel
BN
l results in the required digital filter.
o IIR Filters. The nested filter transfer function
A
ﬁ- H(z) given by Equation (3-11) can be expressed as a partial
e fraction expansion in the form
N M
N H(z) = I Hi(z)
R =1
@
;: R where Hi(z) is the same as Equation (3-18).
$: Corresponding filter structure is shown in Figure 13.
JA‘.
4 FIR Filters. Similar to IIR filters, nested filter
:: transfer function H(z) expressed by Equation (3-15) can be
:3 expressed as a partial fraction expansion in the form
/ M
x H(z) = I H,(z)
e i=1
1: where Hi(z) is the same as Equation (3-18).
» Corresponding filter structure is shown in Figure 14. p
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Sensitivity Analysis

The sensitivity is commonly defined as '"Any change
in the component characteristic that causes a change in the
transfer function." 1In digital filter implementation, the
desired transfer function is calculated on the basis of infinite
precision arithmetic. But, in actuality, all the components,
like multipliers, storage devices, and adders, work with
finite number of bits. This fact will cause the change in
the transfer function of the digital filter which is calcu-
lated based on infinite precision. This change is known as

the sensitivity of the transfer function and is given by:

Sai{lH(z)Il} = Re{SaiH(z)} = Re{% %Hg—:)} (3-19)
where H(z) is the transfer function of the digital filter, and
ay is the system parameter that varies. There are many
different criteria of sensitivity that have been used in
digital filter implementation. However, the fractional
change in the transfer function magnitude due to a change in
the multiplier coefficients, or the change in the location of
the poles due to change in the multiplier coefficients are,
in most cases, reasonable criteria of sensitivity.

As we pointed out earlier in this chapter, different
filter structures for the same transfer function have dif-
ferent response characteristics. In other words, sensitivity

of a digital filter depends heavily upon the particular

50




:::'c
. 1
qﬂ realization. We next examine the sensitivity versus realiza- ‘
- S
S o tion relationship for the various realizations discussed so
7
. far in this thesis.
‘33 Sensitivity Analysis in IIR Filters
Direct Form. Let us rewrite Equation (2-22) as:
'~
2
"‘-c: Y M
N T bz K
X k=0 *
H(z) = N
-k
-7 1+ I az
o k=1
-~ The multiplier coefficient a,, and b, will be quantized
ii to ﬁk and Bk . Thus,
o ak = a, - da,
S bg = by = &by (3-20)
X
:; where Aak and Abk are error quantities which are statis-
e tically independent and uniformly distributed [10]. There-
:ﬁ fore, the realized transfer function will be
X M
- z bkz_k
- o k=0
:...: H(Z) = N
o 1+ I az"
= k=1 (3-21)
A
ﬁ If we let ¥(n) denote the actual filter output and let
7 y(n) denote the ideal filter output due to the same input
x(n) , then by using Equation (2-20) the error e(n) in the
NN
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two outputs is given by

e(n) = y(n) - y(n) (3-22)
or
M N
e(n) = I Abkx(n-k) - I ake(n-k)
k=0 k=1
N N
- I Aaky(n-k) - I Aake(n-k) (3-23)
k=1 k=1

Assuming that the error e(.) and the quantization errors
Aak are small, the last term in Equation (3-23) can be
neglected. Furthermore, if we let M equal to N, Equation
(3-23) can be written as
N N N
e(n) = I Abkx(n-k) - I ake(n-k) - I Aaky(n—k) (3-24)
k=0 k=1 k=1
Combining and taking the Z-transform of Equation (3-22) and

Equation (3-24) will give

5 N -k N o ok
¥(z) - y(z) = I Abyz "x(z) - I a.z
k=0 k=1
A N -k
- (y(z) - y(2)) - kzlAakz y(z) (3-25)

If we substitute y(z) = H(z)X(z) and $(z) = H(z)X(z)
into Equation (3-25), the resulting equation can be arranged

as
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N N
Y \ z z
AALN ERAN A = =
{ ' f(z) - H(z) = X0 Nk 1
Ry 1+ 3z a.kz_k
k=1 (3-26)
o Here ﬁ(z) - H(z) 1is a measure of the deviation of the
Wi frequency response of the actual filter from the frequency
tﬁ response of the ideal filter. In filter implementation,

one possible measure of the effect of coefficient quantiza-

vﬁ tion is the mean-square error in the frequency response, and
LAY A
;}Q can be defined in terms of H(+) and H(-) as
ey
m
,ﬁl 2 _ 1 npoeJwy _ Jwy, 2
‘_;-. O'A = '2? / IH(e ) H(e )I d (3—27)
NG H
e -
S
v GEB where ﬁ(er) and H(eJ“) denote the quantized and ideal

oo frequency response of the transfer function, respectively.

Using the assumed statistical independence among Abk and

Aak , and substituting Equation (3-26) into (3-27), the last

s
b

equation reduces to
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Equation (3-28) may be evaluated to any degree of accuracy

using a short digital computer program based on Figure 15.

2
1 5
4 ~ ot SQUARER z
1+ T -k 0
a2
k=1 5
o
x(n) AH
2
N
bkz-k ‘ . Ugﬁ
L k=0 » SQUARER —of I
N ko _gi____J_* 0
(1+ .2 )
k=1

Figure 15. Technique for Measuring Variance of
Error Due to Coefficient Quantization

If the quantization is carried out by rounding with
quantization in steps of q, then Abk and Aak can assume
any value at random in the range - % to + % ; that is,
Abk and Aak are uniformally distributed between - % to
+ % . The quantization step q is equal to o=t , Where t is
the number of bit used in the register to store the number.

Since the probability density p(°) of Aak or Abk is

assumed to be uniform, we have

for - % < Aak < %

otherwise. (3-29)

O Ol

p(da,) = p(sby) =
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f{}; Therefore, the mean and the variance of Aak as well as

AN Ab, are given by
E(ta, ] = E[ab, ] = 0 (3-30)
o -2 2

g = (g =
K Ab,

¥

(3-31)

ey

L)

Substituting Equation (3-31) into Equation (3-28),

and denoting by OAH the error variance for the direct
D

form realization, we get

(3-32)

where

(3-33)

= and u and vy are the number of nonzero coefficients in

the numerator and denominator of Equation (3-1), respectively.

I' P

LA o A

Kaiser was one of the first to investigate the effect

I A AR

ls

of coefficient errors [11] on filter performance. Kaiser
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pointed out that small errors in the ccefficients can cause

large shifts in the poles (or zeros) of the direct form
narrow-band IIR digital filters [11]. To see this, let us
suppose that the poles of H(z) are located at z=z; ,
i=1,2,...,N and that the poles of 'ﬁ(z) are located at
z=zi+Azi , i=1,2,...,N . Furthermore, let us rewrite the
denominator of Equation (2-22) in factored form as

N

z = I (1 - a
k=1

1

p(z) = 1 - ) (3-34)

kZ

The error Azi can be expressed in terms of the errors in

the coefficient as

N Bzi
Az, = T —= Aa i=1,2,...,N (3-35)
1 =1 93, k
Using Equation (3-34):
3p(z) Co%25 _ (ap=))
2i o= 38y A /3=
N-k
azi _ z;
sa N
k I (zi=zz)
=1
2#1 (3-35)

The poles of some H(z) are shown in Figure ‘16 for d}scus-
sion. The magnitude of the denominator of Equation (3-36)
is equal to the product of the lengths »f the vectors from

all the remaining poles to the pole z4 shown in Figure 16.
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Figure 16. Representation of the Factors of
Equation (3-40) as vectors in Z-Plane

If the poles are very close to each other, then small changes
in coefficients will cause relatively large changes in the
location of poles.‘ In other words, system will be too
sensitive to coefficient change. Furihermore, it is evident
that the larger the number of roots, the greater is the
sensitivity.

Cascade Form. The actual transfer function of digi-

tal filter realized in cascade form can be expressed as

~ N
H(z) = 1 (3-37)
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p = A (2 = bojs * P12 7+ bg;z

i =1 =3

ibﬁ 1+ aq42 + 8,2 (3-38)
IO

and N equals number of second order section. Each second-
order section contributes an uncorrelated error component
as described by Equation (3-32), and the total output error
is obtained by summing these various errors weighted by the
transfer function from their point of injection to their
respective outputs.

The output mean-squared error GAHCZ can be easily

computed as follows by using the error model given in

Figure 17.
1 2
e, e, .
2nd 2nd 2nd A
x(n)~—+ Order t Order  Order |———e—
Section Section Section
~::
") Figure 17. Error Model for Cascade Form
\.“:-.
-.:,;
opm . = T AI;D' / W (2)m (=" £ 3-39
C j=1 i ! 3 Z (3-39)
where oiH 2 can be found from Equation (3-31) by letting
D

N=2 , Hj(z) is the transfer function between the output of

the jth second order section and its input. Comparison of
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O\l with OAH is made by Knowles and Olcayto [12].

c Since egch pair of complex-conjugate poles is
realized separately, the error in a given pole is indepen-
dent of its distance from the other poles of the system.

For this reason, cascade form is to be preferred over the
direct form in the implementation of narrow-band IIR digital

filter.

Parallel Form. The actual transfer function of

digital filter formed in parallel can be expressed as
H(z) = t H,(z) (3-40)

where ﬁi(z) and N are the same as in the Equation (3-37).
As we expressed in cascade case, each second-order
section contributes an uncorrelated error component as
described in Equation (3-30) and the output error is simply
the sum of the various errors from the second order sectionms.

In Figure 18, the error model is shown for the parallel form.

R A R . |

1

H,(2)

x(n)

4—1 Hz(z)‘

Andtd bl

Figure 18. Error Model for Parallel Form
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The output mean squared error can be easily computed
using the error model given in Figure 18.
N . 2
= I (o)
P j=1 D (3-41)
where GAHP is the error in parallel form realization and
N is the number of second order sections. Parallel form
is to be preferred over the direct form in the implementa-
tion of narrow-band IIR digital filter because of the same
reasons given for the cascade form.

Nested Structure. The nested structure transfer

function was derived in the last section. Let us rewrite

it below for convenience.

-Pg -P4 -Py
Co(z + cl(z + ..+ cuz ) ..Y)

H =
=) ~P; ~P2

-pN
+ dz(z + ... 0+ sz

1+ dl(z ) ...)



s, Y [‘..

"~ '.- ’c.‘- .u ot

I T
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8, el

eeled
S444%

AS

Py
dk =3 , k=2,3,...,N
Pg-1
sO that
k
b = I c k=1,2,...,M
Px n=0 P
k Y
a = I d k=2,3,...,N (3-42)
Py n=0 2
When the nested structure filter coefficients Cye and dk

are rounded, the realized filter will have an effective

bpk's and apk's given by

k
I (¢ )r , k=1,2,... M
Pr n=0 2

b

N k '
a n (dn)r , k=2,3,...,N (3-43)
Py n=1

where """ denotes the effective value, and the subscript r
denotes the rounding operation.

The relative errors b and a , given by
Py Py
Ek/b and Ek/a respectively, tend to grow with k ,
Px Py
due to the cumulative errors in o through ¢, and in

d1 through dk . Therefore, we redefine Cx 's and dk 's

as




p p
_ k - kK _
% = 3 — , k=1,2,...,M
Py T Cen)r
dy = a4
a a
Py Px
d, = - o — , k=2,3,...,N
Py m(d.)
k-1 oo BT (3-44)

Now, the effective bp becomes

K
A k-1
Py T pmotnlr (W)r (3-45)
where
(e)p = ¢ + &g  k=1,2,....M (3-46)

where € is the rounding error. By combining Equations

(3-46) and (3-44) and substituting into Equation (3-45), {
we get
b
b =D + k
Pk  Pg-1 |b
k-1
b, =b + b 4
b - Opy T Ppp 1k k=L,2,...M (3-47) '
{
1
1
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Therefore, the error in coefficients bp , will be

k
E, = b -b
k Pk Py
E, =050 € , k=1,2,...,M (3-48)
by Py1 k
Similarly, the error in coefficients ap can be derived,
k
with the result
E =a €, k=2,3,...,N (3-49)
3  Pp_q b ’

The mean-square error in the frequency response can be

derived from Equation (3-28). 1In Equation (3-48), Ebk s

and in Equation (3-49), Eak , are equal to Abk and Aak ,
respectively. If we substitute Equations (3-48) and (3-49)
into Equation (3-28) and assume that M equals N for simplicity,
then the mean square error OAHNDZ for the direct form

nested structure will become

N ™
2 _ ~ 2] 1 1 dz
N Lio(bpk_lsk)J i / N N .z
-1 (1+ ¢ aZ Y(1+ £ a,Zz )
k=1 k=1
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A
:::*:; Similarly, cascade and parallel form nested structure can
NG
SR IL be derived using the above procedure. The resulting mean
!
S square error O0,, 2 tfor cascade nested structure will be
e NC
N-1 (Oam S j,o-1, dz

\ . 2.3 ND Bl (z)pd (z77) £

3 Myc  j=1 27
N - (3-51)
o
.\.“:.: 2
._::; where (OAH; ) can be found from Equation (3-50) by letting

D
AN N=2, H‘j(z) is the transfer function between the output of
-"““ ’
AN the jth second order section and its input. The same error
.‘::-', model for computation can be used as shown in Figure 17.
Similarly, the result for parallel-nested structure
will be
; N .

. @ 2 J |2

s c = I (o ) (3-52)
o AHyp  j=1 AHyp

o where oy is the error in parallel form realization.
,, Figure 18 can be used for error model.
o
R Sensitivity Analysis in FIR Filters

. Direct Form. The transfer function of an FIR filter
::-';Z: is given in Equation (3-3). Let us rewrite the above
e equation for convenience below.

PN
bt
M _
5 H(z) = I h(k)z ®

AN k=0

s

A

R 64
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. After hk 's are quantized, the realized transfer function

o will be

3 . M
. f(z) = I h(k)z~ (3-53)
3 k=0

As before, the measure of the effect of coefficient
e quantization is the error in the frequency response which is

et denoted as
e . |E(ed®) | = [fi(ed?) - m(eI) ] (3-54)

s Therefore,

2 IE(ejw

M
)p = I Ah(k) (3-55)
k=0

Since |Ah(k)| £ q/2 , where q is quantization step,
o |E(ed®) | < N q/2 (3-56)

Cascade Form, 'The actual transfer function of

digital filter formed in cascade can be expressed as

N
O H(z) = I Hy (2) . (3-57)
: i=1

b where M, (z) = by + by z~1 4 by 22 (3-58)

oy i i i

and N is the number of second order section.
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Denoting by ]E(er)!C the error in the frequency

response of this i.lter due to quantization, we can write

. N-1 Co .
LS PR G i P Cp) (3-59)

where Ei(ejm) can be found from Equation (3-55) by letting
M=2 ; Hi(ejw) in the above equation is the transfer func-

th second-order section to

tion relating the output of the i
its input.

Parallel Form. The actual transfer function of

digital filter implemented in the parallel form can be
expressed as

~ NA

H(z) = T Hi(z) (3-60)

i=1

where ﬁi(z) and N are the same as in Equation (3-58).
The output error in frequency domain is simply the sum of
the various errors from the second order sections. Thus,
denoting by IE(er)IP the error in the frequency of this

filter due to quantization, we get

N .
|E(ed¥)|p = £ |EY(ed®

)|
o1 D (3-61)

where ]Ei(ejw)lD is the same as in Equation (3-59).

Nested Structure. The nested structure filter

transfer function was Gerived in the last section. Recall
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that the transfer function was expressed in Equation (3-14)

and the nested form transfer function was given in Equation

(3-15). Let us rewrite these equations below for convenience.
M =Py
H(z) = I b_ 2z (3-62)
k=0 Px
"po -pl _pM
H(z) = eo(z + el(z + ... + ez ) (3-63)
where
e =5bH
o) j
b
Pn
®a T B
Pp-1
so that
n
b = I e (3-64)
Pn k=0 k

The relative error in b
n

h E =b_ -b
where n P, pn

cumulative errors in ey through ey

redefine en 's as follows:

67

is given by 52— s
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tends to grow with n , due to

Therefore, we
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(3-65)

where '"~" stands for effective value and "r" stands for

rounding operation in Equation (3-65). Thus

N
Ai (e)), =e, + € (3-66)
where €n is the rounding error and is the same as explained
p in IIR section. The effective bp now becomes,
n

. n-1 A bpn
b = I (e.) (e ). =D — + €
Ph k=0 2T n'r Pho1 b n
Pp-1 (3-67)
(;E' The error in coefficient bp 's will be
n
E. =b_ -0b
n Pn Py
E = 6 3-68
n pn-len ( )

Then the error quantity in frequency response can be com-

puted as
E(ed?) = fi(ed®) - H(IY)
. M
[E(ed¥)| = £ |b e_| (3-69)

n=0 Pp-1 1D
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Summary

This chapter was directed toward the realization and
the related cause of sensitivity of digital filters. A
number of structures, such as direct, cascade, parallel,
‘nested, cascade-nested, and parallel-nested, were presented
for IIR and FIR filters.
f.{ One of the most important considerations in the
choice of a structure (realization) for implementation of
a filter is the low sensitivity. Thus, we presented the
fﬁ; sensitivity analysis for the various structures mentioned

above.
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IV, Simulation of Digital Filters

Introduction

In this chapter we will simulate the FIR digital
filters, discussed in previous chapters, using many different
word lengths. The input-output relationship of the FIR
digital filters are given by Equation (2-23). First, FIR
digital filter coefficients and input in this equation will
be obtained according to user requirements. The input,
which is designed such that its values are all positive to
handle the two's complement addition easily, can be step,
multiple-step or sinusoidal function. Second, these coef-
ficients and input will be scaled to prevent the overflow
at *the output of the digital filter. The absolut: maximum
value of the scaled input signal will be less than .1l.

Since the scaling technique for coefficients depends on the
type of filter, it will be discussed in the Simulation I sec-
tion. Third, all the numbers pertaining to the filters will
be quantized according to user requirements by either
truncation or rounding. Finally, the simulation results
depicting filter outputs will be obtained based on these

quantized data.

Simulation I

Tha FIR digital filters will be simulated based on

10 bits word length register. The input function to all

.......
-----------
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the digital filters for simulation I will be the same as

shown in Figure 19. Corresponding input values for 20 points

is shown in the first column of Table I. The quantized

input is shown in the second column and the scaled version

of the input appears in the third column of the same table.

TABLE 1

INPUT SEQUENCES

X § X
= —S =S

.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.10002000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
.1000000E 00 .9960938E-01 .1000000E 00
Cf’_i .1000000E 00 .9960938E-01 .1000000E 00
- .0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 0O
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0O000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00
.0000000E 00 .0000000E 00 .0000000E 00

Direct Form. The fourth order low-pass FIR digital
filter coefficients with the normalized cut-off frequency of
«17 are obtained by using a rectangular weighting window.
Then, these coefficients are scaled, such that the summation
of the absolute value of the coefficients is less than .1,
to prevent overflow. Finally, the scaled coefficients are
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quantized according to user requirements by either trunca-

tion or rounding. Corresponding coefficient values are
shown in Table II1. The designed coefficients appear in the
first, the quantized coefficients in the second, and the

scaled coefficients in the third columns of the table.

TABLE II

COEFFICIENT FOR DIRECT FORM

b by b
.1343790E 00 .9765625E-02 .1119825E-01
.2789370E 00 .2148438E-01 .2324475E-01
.3400000E 00 .2734375E-01 .2833333E-01
.2789370E 00 .2148438E-01 .2324475E-01
.1343790E 0O .9765625E~-02 .1119825E-01

The expected output denoted by §exp(n) can be cal-

culated by using the equation below.

Vexp(®) = kgoﬁsk & (n-k) (4-1)
where Gs and is are the quantized and scaled coefficients;
and M is the number of coefficients. The expected output
for steady-state case is shown in Table XIII.

The actual output denoted by gact(n) can be calcu-

lated by using the equation below. The above equation is

very simular to Equation (4-1); however,

M
§...(n) = £ b_ X_(n-k)
act k=0 Sk S (4-2)
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o )
‘ﬁ . The numbers used in Equation (4-2) are all binary. These ;
E o numbers are shown in Table III. The first column is is’ 3
A -~ '
i the second, bs, and the third, yact‘ .
. TABLE III ;
N BINARY NUMBERS RELATED TO EQUATION (4-2) :
E~
R ’ A A
'y Zs © by Yact
. 0000110011 000000000001111111100
0000110011 000000000110011000000
- 0000110011 000000001110000101000
[~ 0000110011 000000010010011101100 .
¢ 0000110011 000000010100011101000 e
0000110011 000000010100011101000 .
1 0000110011 0000000101 000000010100011101000
:. 0000110011 0000001011 000000010100011101000 i
~ 0000110011 0000001110 000000010100011101000 -
N 0000110011 0000001011 000000010100011101000 “
s 0000000000 0000000101 000000010010011101100 -
- 0000000000 000000001110000101000 -
0000000000 000000000110011000000
0000000000 000000000001111111100 R
- 0000000000 000000000000000000000 -3
- 0000000000 :000000000000000000000 N
. 0000000000 000000000000000000000
) 0000000000 000000000000000000000
0000000000 000000000000000000000 >
- 0000000000 000000000000000000000 >
N 0000000000 000000000000000000000 K
s -
v .
) Corresponding real numbers in the first column in L
f Table III will be used to plot the actual output which is .
-
j shown in Figure 20. The actual output for steady-state is
J shown in Table XIII.
i Cascade Form. As we mentioned in the previous %
y chapter, the cascade form can be obtained by factoring the ﬂ
—~ direct form transfer function. The digital filter studied
74
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»
£
:fj' . for direct form can be factored into two second order digital
-_';\: -:._j:-
(. = filters. Corresponding coefficient values are shown in
iﬁ Table IV in the same way as in Table II for each second- |
e |
o order section.
S |
Y %
e !
- TABLE IV ;
7
SR COEFFICIENTS FOR CASCADE FORM
. a. First Second-Order Section
N
-.\._‘ A
N b L8 Ps
ﬁf: .1000000E 01 .2539063E-01 .2631579E-01
= .1777000E 01 .4492188E-01 .4676317E-01
9 .9999990E 00 .2539063E-01 .2631576E-01
.'_:.r_
iﬁ: b. Second Second-Order Section
s
?¢ b bs bs
{ (Cﬂﬁ .1343790E 00 .3320313E-01 .3359476E-01
.4007000E-01 .9765625E-02 .1001750E-01
.1343790E 00 .3320313E-01 .3359476E-01

The steady-state expected and actual output for

qﬁh each second-order section can be calculated by using

;3 Equation (4-~1) and (4-2), respectively. The number of

:i: coefficients denoted by M in both equations is two. The

é§ steady-state expected and actual output of the first second-

order section will be the quantized input to the next second-

order section. The steady-state expected and actual output

'.. .
(]

.

J% of the last section will be the steady-state expected and
e

o . X

;}; actual output, respectively., The steady-state expected
o7

e output is shown in Table XII and the corresponding binary
. '_'.': ':-:
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values of each second-order section input, coefficients,

and actual output in Table V in the same way as in Table III.
Corresponding real numbers in the third column in

Table Vb will be used to plot the actual output which is

shown in Figure 21. The actual output for steady-state is

shown in Table XIII.

Parallel Form. Each second-order section coeffi-

cients shown in Table IV are the same as for cascade form.
The steady-state expected andiactual output is also calcu-
lated in the same way. But the steady-state expected and
actual output for parallel form will be the summation of the
steady-state expected and actual output for each second-
order section, respectively. The steady-state expected out-
put is shown in Table XII and the corresponding binary num-
ber values for the second second-order section input,
coefficients and actual outputs are shown in Table VI, using
the same scheme as the one for Table III. The actual output
of parallel filter is also shown in Table VI. The first
second-order section binary number values are the same as
shown in Table Vb.

Corresponding real numbers in Table VIb will be used
to plot the actual output which is shown in Figure 22. The
actual output for steady-state is shown in Table XIII.

Nested Form. The filter coefficients studied for

direct form will be used to get the nested filter coefficient

denoted by e, using the following equation.
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oY |

T |

'.5,'-: JRs TABLE V

OIS Ao

- BINARY NUMBERS RELATED TO EQUATION (4-2)

e FOR CASCADE FORM

:"\"

o a. First Second-Order Section

0 o ' -

' X 5, Yact

0000110011 000000000110110001100
0000110011 000000001000110001000
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 000000001111100010100
0000110011 0000001101 000000001111100010100
0000110011 0000010111 000000001000110001000
0000000000 0000001101 000000000110110001100
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
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o
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e
DOLTEERR TABLE V (continued)
DO
[ gl b. Second Second-Order Section
Xs bg ‘ Yact
0000000001 000000000000001101000

0000000010 000000000000100010100
0000000011 000000000000111111100
0000000011 000000000001010011110
0000000011 000000000001011111000
0000000011 000000000001011111000
0000000011 000000000001011111000
0000000011 000000000001011111000
0000000011 0000010001 000000000001011111000

Ay 0000000011 0000000101 000000000001011111000

N 0000000011 0000010001 000000000001011111000

s 0000000010 000000000001010011110

XS 0000000001 000000000000111111100

o 0000000000 000000000000100010100

« 2. 0000000000 000000000000001101000

- 0000000000 000000000000000000000

o 0000000000 000000000000000000000

o 0000000000 000000000000000000000

08 0000000000 000000000000000000000

s . 0000000000 000000000000000000000

¢ ﬁi; 0000000000 000000000000000000000

;;55 - 0000000000 000000000000000000000

U4

20N

-

fa b i

2y

e

e

o

ot

Ut

oS

QO

S

\_3:2‘_

I

o

LA 79

*-\"‘\.\'\' DR A



osuodsayd qndano 1eniov wxod °

1)
T

-

el

ot o e




[3

LA a4 s
1 SR P

N4y
SO

.
S et
S

2 s
v
. a

NN

L A

~
-~
-
)
Al

.

,A
ol
» » 1

e

P

.......
......

......................

TABLE VI

BINARY NUMBERS RELATED TO EQUATION (4-2)
FOR PARALLEL FORM

~

X
S

0000110011
0000110011
0000110011
0000110011
0000110011
0000110011
0000110011
0000110011
0000110011
0000110011
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000
0000000000

R S

AT e N .
R A e )
At mte et et et

'

R I

o

B

S

0000010001
0000000101
0000010001

O P

81
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3 »

A

yact

000000000101001011100
000000001111101010000
000000010100110101100
000000010100110101100
000000010100110101100
000000010100110101100
000000010100110101100
000000010100110101100
000000010100110101100
000000010100110101100
000000001111101010000
000000000101001011100
000000000000000000000
0000000000000G0000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000

..........
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TABLE VI (continued)

b. Actual Output For Parallel Form

A

yact

000000000000001110011

000000000000011111011

000000000001000001000

“o 000000000001010000001
~ 000000000001100000010
~ 000000000001100000010
000000000001100000010
000000000001100000010
gy 000000000001100000010
3 000000000001100000010

N 000000000001100000010

Sis 000000000001010000001
S 000000000001000001000
000000000000011111011

e 000000000000001110011
o 000000000000000000000
000000000000000000000

000000000000000000000

. 000000000000000000000
T 000000000000000000000
- 000000000000000000000
e 000000000000000000000
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{; where bs is the scaled coefficient in the direct form.
~
f: Then, these coefficients will be scaled such that each
}: coefficient is less than one-half the absolute maximum
“ value of the coefficients in Equation (4-3) to prevent over-
.
-ﬁ flow. The nested filter scaled coefficients denoted by eg
e,
- are shown in Table VII.
{‘
: TABLE VII
‘:D NESTED FILTER COEFFICIENTS
~ e
- 1.953125E-03
ur .500000
' .275391
" .177734
W .109375
<
. The expected and actual output can be calculated by
using Equations (4-4) and (4-5) below, respectively.
v (4-4)
P d
o
?.-: A ~ A A ‘
f; yact(n) = ey (xs(n) + esl(xs(n-l) + st esst(n-M))...)
ey (4-5)
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The expected output for steady-state is shown in Table XII.
Corresponding binary number values for filter input, coef-
ficients and actual output are shown in Table VIII in the

same manner as in Table XIII.

——
(R SA
N L L S BN

TABLE VIII

BINARY NUMBERS RELATED TO EQUATION (4-5)
FOR NESTED FORM

X5 s Lact
0000110011 000000000000011001100
0000110011 000000000000011111111
0000110011 000000000000100001000
0000110011 000000000000100001000
0000110011 000000000000100001000
0000110011 000000000000100001000
0000110011 000000000000100001000
0000110011 0000000001 000000000000100001000
0000110011 0100000000 000000000000100001000
0000110011 0010001101 000000000000100001000
0000000000 0001011011 000000000000000111100
0000000000 0000111000 000000000000000001001
0000000000 000000000000000000001
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000

Then, corresponding real numbers in the third column in
Table VIII will be used to plot the actual dutput which is
shown in Figure 23. The actual output for the steady-state

case is shown in Table XIII.
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j Cascade-Nested Form. The coefficients studied for
o N
b E:g cascade form will be used to calculate the cascade-nested
5 form coefficient in the same manner as in the nested form
I? discussed above. The coefficients for each second-order
A
M section are shown in Table IX.
ig
.. TABLE IX
bS.
4
s COEFFICIENTS FOR CASCADE NESTED FORM
ﬁﬁ a. First Second-Order Section
A ‘
ﬁf Es
‘B 3.906250E-03
. 4,.296875E-02
[t .500000
T
Xy b. Second Second-Order Section
N
(1)) %s
P 5.859375E-03
N | .500000
Y .158203
A
n)
i The steady-state expected and actual outputs can be
0
ig calculated by letting M=2 in Equations (4-4) and (4-5),
'Y .
' respectively. The expected output for the steady-state
'éﬁ case is shown in Table XII. Corresponding binary number
-..':
j; values for each second-order section input, coefficients
:i and actual output are shown in Table X in the same manner
‘EE as in Table III. Then the corresponding real numbers in
&E the third column in Table Xb are used to plot the actual
T? output which is shown in Figure 24, As we can see easily
RO o
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T TABLE X
’ BINARY NUMBERS RELATED TO EQUATION (4-5)
o FOR CASCADE-NESTED FORM
- a. First Second-Order Section
“ Lo s
: Xs s Lact
N 0000110011 000000000000110011000
) 0000110011 000000000000110101001
y 0000110011 000009000000110110010
Q 0000110011 000000000000110110010
& 0000110011 000000000000110110010
0000110011 000000000000110110010
1¢ 0000110011 000000000000110110010
4 0000110011 0000000010 000000000000110110010
y 0000110011 0000010110 000000000000110110010
5 0000110011 0100000000 000000000000110011000
L 0000000000 000000000000110110010
. 0000000000 000000000000000011010
j: 0000000000 000000000000000011010
" 0000000000 000000000000000011010
ﬁ 0000000000 000000000000000001000
% 0000000000 000000000000000000000
a 0000000000 000000000000000000000
Y - 0000000000 000000000000000000000
. 0000000000 000000000000000000000
. 0000000000 000000000000000000000
- 0000000000 000000000000000000000
o 000000000000000000000
2
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N e TABLE X (continued)

b. Second Second-Order Section

N Xs s 2act

0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 0000000011 000000000000000000000
0000000000 0100000000 000000000000000000000
0000000000 0001010001 000000000000000000000
0000000000 : 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
0000000000 000000000000000000000
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from Table X, the output of first second-order section is
too small. Therefore, when it is quantized in accordance
with the input word length, it will be all zero. So, the
cascade-nested form will not give the actual output for
short word length.

Parallel-Nested Form. Each second-order section

coefficients shown in Table IX are the same as for cascade-
nested form. The steady-state expected and actual outputs
for parallel-nested form will be the summation of the steady-'
state expected and actual output for each second-order sec-
tion, respectively. The steady-state expected output is
shown in Table XII and the corresponding binary number values
for the second second-order section input, coefficients and
actual outputs are shown in Table XI. The actual output of
parallel filter is also shown in Table XI. The first
second-order section binary number values are the same as
shown in Table Xa. Corresponding real numbers in Table XIb
will be used to plot the actual output which is shown in
Figure 24. The actual output for steady state is shown in
Table XIII.

Finally, steady-state expected and actual outputs
for all digital filters studied in this section are shown in

Table XII and Table XIII, respectively.
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- TABLE XI

BINARY NUMBERS RELATED TO EQUATION (4-5)
FOR PARALLEL-NESTED FORM

. a. Second Second-Order Section

& & fact
> 0000110011 000000000001001100100
N 0000110011 000000000001110010110
! 0000110011 000000000001111000110
: 0000110011 000000000001111000110
0000110011 000000000001111000110
0000110011 000000000001111000110
. 0000110011 000000000001111000110
% 0000110011 000000000001111000110
) 0000110011 0000000011 000000000001111000110
: 0000110011 0100000000 000000000001001100100
0000000000 0001010001 000000000001111000110
: 0000000000 000000000000101100010
< 0000000000 000000000000000110000
Q 0000000000 000000000000000000000
) 0000000000 000000000000000000000
3 0000000000 000000000000000000000
0000000000 000000000000000000000
X 0000000000 000000000000000000000
A 0000000000 000000000000000000000
‘. 0000000000 000000000000000000000
0000000000 000000000000000000000
000000000000000000000
]
k<
4
P
¥
3,
W/ '
AN
LA 92
“
L

>~
o

Ce L T P TG P L I I
\\.,5\\\\ \,\\\'-...‘




{{b TABLE XI (continued)

b. Actual Output for Parallel-Nested Form

Lact
000000000001111111100
000000000010100111110
000000000010101111000
000000000010101111000
000000000010101111000
000000000010101111000
000000000010101111000
000000000010101111000
000000000010101 111000
000000000001111111100
000000000010101111000
000000000000101111100
0000000000000001 11000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000
000000000000000000000

o 000000000000000000000
(v | 000000000000000000000
000000000000000000000
000000000000000000000
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TABLE XII

STEADY-STATE §exp(n) (10 bits)

Direct Form .00894924

Cascade Form .000726138

Parallel Form .0171203

Nested Form .00032389

Cascade-Nested Form .00000383209

Parallel Nested Form .000133572
TABLE XIII

A

STEADY-STATE §, . (n) (10 bits)

Direct Form .008865625
Cascade Form .0007247925
Parallel Form .01396751
Nested Form .00025177
Cascade-Nested Form . 00000000
Parallel-Nested Form .001335144

Simulation I1I

The steady-state expected and actual output for all
FIR filters are calculated in the same manner as in Simula-
tion I, based on 16 bits word length. Since the longer
word length is used, the quantized coefficients and the input
values will be very close to the ideal values, assumed to
be the scaled coefficients and the input. Table XIV and
Table XV, arranged based on 16 bits word length, show the
comparison with Table I and Table II, arranged based on 10
bits word length, respectively. Since the simulation pro-
cedure is identical to the one carried out for Simulation I,

only the result will be shown in Tables XVI and XVII.
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X

.1000000E
.1000000E
. 1000000E
.1000000E
.1000000E
.1000000E
.1000000E
.1000000E
. 1000000E
.1000000E
. 0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E
.0000000E

b

«1343790E
.2789370E
«3400000E
.2789370E
.1343790E

o - oy -
.........

TABLE XIV

INPUT SEQUENCES BASED ON 16 BIT

b4 X

=s =s
00 +9997559E-01 .1000000E 00
00 +9997559E-01 .1000000E 00
00 +9997559E-01 .1000000E 00
00 «.9997559E-01 .1000000E 00
00 .9997559E-01 .1000000E 00
00 .9997559E-01 .1000000E 00
00 «9997559E-01 . 1000000E 00
00 «9997559E-01 .1000000E 00
00 +.9997559E-01 .1000000E 00
00 .9997559E-01 .1000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00
00 .0000000E 00 .0000000E 00

TABLE XV
COEFFICIENT FOR DIRECT FORM
BASED ON 16 BIT

bS bs
00 .1116943E-01 .1119825E-01
00 .2322388E-01 .2324475E-01
00 .2832031E-01 .2833333E-01
00 .2322388E-01 .2324475E-01
00 .1116943E-01 .1119825E-01
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TABLE XVI

STEADY-STATE §exp(n) (16 bits)

Direct Form .00971404

Cascade Form .000766406

Parallel Form .,017647

Nested Form . .000450728

Cascade-Nested Form .00000384618

Parallel-Nested Form .00134061
TABLE XVII

STEADY-STATE §act(n) (16 bits)

Direct Form .0096896
Cascade Form .0007345751
Parallel Form .01429798
Nested Form .0003356934
Cascade-Nested Form .000003637979
Parallel-Nested Form .001395954

The ideal output represented by y; can be calculated
by using the Equation (4-6) for direct, cascade and parallel
form and the Equation (4-7) for nested, cascade-nested and
parallel-nested form shown below.

M

E bs xs(n-k)

yp(n) =
=0 "k (4-6)

k

yI(n) = eo(xs(n) + el(xs(n-l) + se. T est(n—M))...)
(4-7)

where

xs = scaled input

96
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bS = scaled coefficients

e = nested filter coefficients before it is
quantized

Ideal-output responses for FIR filters studied here are

shown in Table XVIII.

TABLE XVIII

STEADY~STATE y_ (n)

Direct Form .00972191
Cascade Form .000767394
Parallel Form .0176601
Nested Form .000391882
Cascade-Nested Form .0000587236
Parallel-Nested Form .00633241

If Table XVIII is compared with Tables XII, XIII,
XVI, and XVII, it is obvious that as the word length is
increased, the actual and expected output response is coming

close to the ideal output response.

Deviation at the Output Response of the Digital Filter

Deviation is defined as the difference between the
output responses of the digital filter based on the different
word length. The expected and actual deviation of FIR fil-

ters studied here for 10 bits and 16 bits word length are

shown in Tables XIX and XX.
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A TABLE XIX

-, '..:

SRS EXPECTED DEVIATION

Q: Direct Form .0007114

" Cascade Form .000040297

N Parallel Form .000526715

N Nested Form .0001269

Cascade-Nested Form .0000000461866

- Parallel-Nested Form .0000049

N TABLE XX

3 ACTUAL DEVIATION

Direct Form .000828

& Cascade Form .0000098

- Parallel Form .0003304

- Nested Form . 0000953

x Cascade-Nested Form
f: Parallel-Nested Form .0000608

$

G Summary

E The expected and actual outputs and deviation of the
ﬂ FIR digital filters studied in Chapter III are calculated
_‘ and presented with tables based on 10 and 16 bits word
;q length., The ideal output response is also presented.
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,é A V. Conclusion and Recommendations

AR

e In this thesis, we have considered the problem of

Eé finite word length effects in some special classes of digital
X filters. Some well-known and new structures have been pre-
:} sented for this case. For some of the new structures, the
Eﬁ deviation at the output response remains constant or insig-
:§ nificant as the word length is increased.
ié One, who is interested in the low deviation at the
;5 output response due to finite word length registers, can
}: find the result in Tables XIX and XX helpful. Corresponding
;: output response of the digital filters is shown in Tables

.? XII, XIII, XVI, XVII and XVIII. We can see from the tables
- ‘ib that the digital filter, which has low deviation, gives
%; Hhe very small output response which requires longer output

';-'3 register to recognize. As we know that it makes the arith-
2 metic operation slower and increases the cost to use the
IR longer register.
13 The techniques and software developed here can be

) used to evaluate other signal processing schemes in which
?; binary operations with round-off and/or truncation are
CS required: such as the FFT. The programs for fixed-point

; arithmetic in the Appendices can be extended for floating-
23 point arithmetic. Thus, we may be able to determine the bet-
42 ter arithmetic for a particular digital filter implementa-
;: tion. This work can be extended by studying other new
SRS 99

Y

5

.
>
.

I T - .
. -\"-."..‘ Y ‘-.:.-". -’.\‘:‘-’J




n®a a’w "BV s ate LRI AR SN Y .h‘-'_ﬂ..' o }‘.J_.’ P I A U

‘s &
0T

digital filter structures, and by studying in the same
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Y manner the IIR digital filters.
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‘f" St Appendix A

o Flowgraph for Supporting the Desired Digital Filters
' Appendix A contains the flowgraphs which help to
2 understand the FORTRAN algorithm in Appendices B, C, and D.
‘ These flowgraphs are:

: 1. Decimal to Binary Number Converter \

X 2. Two's Complement of Binary Numbers

}§ 3. Binary to Decimal Number Converter

‘ 4., Two's Complement Addition

.. 5. Binary Multiplication

b 6. Shift-left and Shift-right Operator

1 ; 7. FIR Direct Form Structure

ts w 8. FIR Cascade Form Structure

f 9. FIR Parallel Form Structure

.: 10. FIR Nested Form Structure

" 11, FIR Cascade-Nested Form Structure

'f: 12, FIR Parallel-Nested Form Structure
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X
-
S ( sarn )
Ty
= READ
':1 x( I ) ] w
2
i INITIALIZE

~ J=2

N _FALSE RUE__
\0

&

&

X(1,1)=0

el |

X(1,1)=1

1

1.
%
X(I)=2.0*X(I)

N
S}
o TRUE J//’///*\\\\‘\\ EALSE

"_'.

D
P

X(I’J)-l

x(1,J)=0

|

NI
PN XN

s

1

J=J+1

J=J+1

Loty

-
R R, -

J2W

AN

»
[y

. P ;';.‘n‘..l

WRITE

X(1,J)

STOP

IF
J2W

0% ) Figure 25.

Decimal to Binary Numbers Converter
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¥
(:;_ BEGIN *j)
-j:.:;\ R}
@*» BINARY !
CONVERSION
N F IGURE
- INITIALIZE J=2
* - I.J)OOO.....N
"
» TRUE
yd
\
. X(1,d)=0
» 3+
N J=J+1
2
) IF
® I
)
]
X J=2
y ' r
4‘ -—— -—
L X(1,d) = X(1,J)+P(I,J) !
J=J+1 |
IF | w‘
) TRUE ‘
.: J2W
WRITE
N STOP
’, RN
SV
t‘. - Figure 26. Two's Complement of Binary Numbers
b
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READ
X(1,0), W

4

INITIALIZE
J=W, X(I)=0

ALY

-
- - ———

PG X2

A R

y l’.’.!'..}

20l 01,

X(1)=X(1)+X(1,0) 2% (-d+1)

A

J=Jf1

FALSE IF TRUE

‘\\\‘i:i/’///,

FALS TRUE

X(I)=-X(I) X(I)=+X(1)

WRITE
X(I)

< STOP >

Figure 27. Binary to Decimal Number Converter
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AR t“'
}. '5}‘.1 4 I'
1

READ X(I7,

. K Y(I)

'A':\ r 3

‘}\ TAKE TWO'S

;,: COMPLEMENT OF

T X(1 1)

l:.'-

N ALIZE:
J-N:S(I.J)'Oo

S(1,d)=X(1,)+Y(1,d)+C(I,J)

l. '.?,- .n. ’. &

N2 Oy Bty

A ? o

\
-

TRUE

3N S(I,J)-SS%, ) J=d-1

2
X C(I!J-l).-.l

J=J-1

@

TRUE

-2 o IF

N TRUE . ¢(1,0) FALSE
A \C( 11

5 SHIFT-RIGHT

) N .

2 Lol —

o s(1,1)=C(1,0)
[

L)

TWO'S COMPLEMENT OF
S(1,J)
FIGURE

2
B

DL AL LA

*l
e

l

)
) ‘: )

> ( )

- STOP

2$Ij :}‘ R -J
H - Fi '

2 gure 28. Two's Complement Addition
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FIGURE
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!

J=J-1

<

Ié\\\\k
J<2

F(x,awu.aﬂi

+X

(I,d)

WRITE

P(1,Jd)

( STOP )

IF
J<2
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BINARY
CONVERSION
FIGURE

2
INITIALIZE
J=2

— ;-—
X(1,3)=X(1,
J+1)

r——

J=J+1

{FALsE

TRUE

FALSE

TRUE
X(1,2)=0

WRITE
X(I,d)

( STOP )

Figure 30. Shift-left and Shi
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’ READ H(K), X(I),
M,N,W

BINARY
| MR
INITIALIZE 1=0,
K=0, J=W

Y{I,J)=0,...40
ale

o, 8

Yy

U A )

‘l l‘ .
Py SV R

i ]
X

-

D
.l'.l‘.l“_ By

TP(K,J)=H(K,J)
\ *X(J-K,J) FIGURE

i
J=J-1

e

)
[

AR

o

P(K,J)=1,P(K,J) P(K,J)=0,P(K,J)
1 ]

e
g

.
s

v
p

Y(I1,0)=Y(I.J)
+P(K, J)

FIGURE
B

K=K+1

Lok

)
T8

L

-——

IF

[* K<M
CIMAL CONVER- ‘\\\\\\\~/,/////,

ION OF Y(I,J)
RE

Gt s

YA

. "-""";'l’ o

'.l 1
e

WRITE
Y(I.J)

\ii ' Figure 31. FIR Direct Form Structure
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( BEGIN ) f

READ S
[ INITIALIZE |
i=0  M=2

FIND THE QUTPUT OF EACH SEC-
OND ORDER SECTION
FIGURE

.

X(I.,4)=
Yi(I,J)

i=i+l

IF
TRUE FALSE

i>$

W [READ_
RITEYT(I,J) i (1,0)

AR

( STOP >

ShR - AL

‘;“--!

*VIa
)

™
r.\ .\:
ﬁ Figure 31. FIR Cascade Form Structure
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READ S

INITIALIZE
i=0 M=2
Vt(r;J)-o.ugjﬁ

FIND THE OUTPUT OF EACH
SECOND ORDER SECTION
FIGURE

Yi(I,d)=Y5(1,9)
+ Y(1,d) |

L

i=i+]

IF
TRUE

i>S l
WRITE

i(1,J) . READ Hi(1,0)

‘ STOP ’

-

Figure 33. FIR Parallel Form Structure
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BINARY
. CONVERSION

‘ INITIALIZE
N 120

L=1

. Al

FALSE TRUE

DRI

K= K=I

l‘ oy
ad

AR
SAS

FALSE
o

L,d)=H(K,J) |
(L-K,J) FIGURE |

IF
FALSE ,,////* \\_TRUE

L21

;';'x'x'l.'-g "l

P(L,J)=P(L.J);X(L-K+1,J) X(1,d)= |
E

r

X(L-K,Jd)=P(L,J)
[ Y(I,d

VX A ¥

RO 2% S

+1
K-1 I=1+1

L |

!
-

.&.s‘...s“"‘ - ...l

)

Figure 34. FIR Nested Form Structure
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READ S

—
INITIALIZE
2=0 , M=2

FIND THE OUTPUT OF EACH
SECOND ORDER SECTION
FIGURE

AT

.)'l ).‘.-‘jt.'.‘;_ -

TRUE

AN

A

T .
X(1,9)= |
Yi(1,d)]

i=i+l

WRITE
Y

A

‘I(I,J)

READ

Hi(K,J)
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BEGIN !

READ S

INITIALIZE
=0 M=2

Y5 (1,0)200ms0 ]

FIND THE OUTPUT OF EACH
: SECOND ORDER SECTION
FIGURE

Yi(1,d)=Y;(1,0) + Y(I,J)

j=i+l
' TRUE IF FALSE
i>$
TE .
READ
¥i(1,d) E Hi(1,d)

B

LA AR
o4 Ny

Ls
278 s 8

<l

’

‘.
»
o

Figure 36. FIR Parallel-Nested Form Structure
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Coefficients and Input to the Digital Filters

Appendix B contains the program, which can scale
and quantize the coefficients and the input for the digital
filter, and user's manual. Each program's user manual

explains what the program does. These are called as

follows:
1. IN.FR
2. NEWC
3. NES1
4. HA
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e RS USER'S MANUAL PROGRAM IN.FR
ONE
<R6
N FILE: IN.FR

Y
b DIRECTORY : DP4 : OWEN

Wy

LANGUAGE: FORTRAN 5

N

ﬂf DATE: September 1983

LY

\-:E" AUTHOR: Harun Inanli

¢ A SUBJECT: Scaling and quantization of given

o filter coefficients.
>

753 FUNCTION: This program first reads the filter

?£4 coefficients from the file. Then, it

scales those coefficients such that the

o summation of the absolute value of the
o~ coefficients is less than 0.1. Finally,
&ﬂ it quantizes these coefficients accord-
ﬁp ing to user requirements of either the
o truncation or the rounding technique.
ty ng PROGRAM USE: The program is loaded by the following
RN command :

3 N
’I: RLDR IN IN1 IN3 IN4 @FLIB@

I

. SUBROUTINE REQUIRED:

) A

,'% Name Location Purpose
2508 IN1.FR DP4 : OWEN To read the filter coefficient
DN IN3.FR DP4:OWEN To scale the filter coeffi-
k- cient

i IN4.FR DP4 :OWEN To quantize the filter coeffi-
fﬁ cient

- EXECUTION OF THE PROGRAM AND ITS OUTPUT FOLLOWS:

'.:"
IN

N FILTER COEFFICIENT FILE NAME: FC
-0 ENTER FILE NAME: TC
f*& COEFFICIENT FILE NAME FOR PLOT: TC1
998 WORD LENGTH: 16
ﬂx. QUANTIZATION TYPE (1-TRUNCATION, O-ROUNDING) 1
G

<. ":':‘.
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The input data file called FC contains the coeffi-

cients according to the equation shown below:

H(z) = a0 B(O) + Bz~ + ...+ B(M)z"M
a0) + al)zl + ..+ a7 |

File FC is presenting the necessary data as shown

below:

FC

5
0
3.934541E-02
.210533
.341118
341118
.210533
3.934541E-02
1.00000
1.00000

where M=5, N=0, B(0)=3.934541E-02, ..., B(5)=3.934541E-02,
A(0)=1.00000 and A0=1.00000.
File TC stores the coefficients (in binary) after

they are scaled.

TC

16
6
0000000001101011
0000001000111110
0000001110100011
0000001110100011
0000001000111110
0000000001101011




SRR

VAR

‘4
(N

S ADLI

SRS

o.’.

e

>
-

oy

e

g - ' &
.‘ .n 'h ‘.‘. y‘l""" " o

) .4'.:' LA A

%4 LY

[ b-#
AAAC

VA

XARRA

where 16 desired number of bits in coefficient register, 6

- is the number of coefficient.

File TCl stores both quantized and scaled coeffi-
cients as well as the coefficients coming from file FC.
The first column shows the coefficient numbers; the second,
the coefficients coming from file FC; the third, quantized

coefficients and the fourth, the scaled coefficients in

file TC1.
TC1
5
1 .1343790E 00 .9765625E-02 .1119825E-01
2 .2789370E 00 .2148438E-01 .2324475E-01
3 .3400000E 00 .2734375E-01 .2833333E-01
4 .2789370E 00 .2148438E-01 +.2324475E-01
5 .1343790E 00 .9765625E~-02 .1119825E-01
USER'S MANUAL SUBROUTINE IN1.FR
FILE: . IN1.FR
DIRECTORY: DP4 :OWEN
LANGUAGE: FORTRAN 5
DATE: September 1983
AUTHOR: Harun Inanli
SUBJECT: Reading of given filter coefficients.
FUNCTION: This subroutine reads the given filter

coefficients from the file.

SUBROUTINE REQUIRED: None

117

.......................
.................................
.....................................




'..." ‘.-
~ -

AN

. t’ "Lfk‘.\"-‘:-"-l e

OGRS | RSB

-

N - S
2 %%
LA

USER'S MANUAL SUBROUTINE IN3.FR

FILE: IN3.FR

DIRECTORY: DP4 :OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli )

SUBJECT: Scaling of given filter coefficients.
FUNCTION: This subroutine scales the given

filter coefficients such that the sum-
mation of the absolute value of the
coefficients is less than 0.1,

SUBROUTINE REQUIRED: None

USER'S MANUAL SUBROUTINE IN4.FR

FILE: IN4.FR

DIRECTORY: DP4 :OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Quantization of digital filter coeffi-
‘ cients.,

FUNCTION: This subroutine quantizes the scaled

digital filter coefficients according
to user requirements of either the
truncation or the rounding technique.
First, the scaled coefficient is con-
verted into binary and placed in the
coefficient register. The coefficient
register can be a maximum of 140 bits
long. Then, according to user
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- requirements, this binary number is
3 truncated or rounded to the desired
- word length. Finally, the quantized

number is converted back to the real

number and stored in the file.
SUBROUTINE REQUIRED: None
FLOWGRAPH :
Type Figure
1. Decimal to Binary Number Converter 25
2. Two's Complement of Binary Numbers 26
3. Binary to Decimal Converter 27
@
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.-':: N -:4- 3 S8 M W A S0 T I W A I I A 1A U A6 I I W S WU U S W A6 3 I I 616 W W I 36 W W N BN
IO A ,
{ C PROGRAM : IN. FR
o C AUTHOR HARUN INANL I
o c DATE : SEPTEMBER 83 R
- C LANGUAGE : FORTRAN 5 .
< C ; ) . '
s C FUNCTION: THIS PROGRAM 15 USED TO SCALE AND GQUANTIZE
c * THE FILTER COEFFICIENT IN EITHER TRUNCATION
N Ne . OR ROUNDING TECHNIQUE ACCORDING TO USER REQUIRMENT
5N C THE FILTER COEFFICIENT IS OPTAINED BY USING THE
N ¢ , . PROGRAM CALLED WFILTER. QUANTIZED FILTER COEFFICIE}
*: C 1S STORED IN THE FILE NAMED BY THE USER IN BINERY
C . .
B C 18 4b 346 48 304 36 3 3 3 3 3 1 3 3 U0 A 61 W I I U I I A6 A6 I VI b 6 W W A I I T A I I I I I I 6 I W
% DIMENSION B(500), A(500)
N DIMENSION QUTFILE(7),H(500)
VR DIMENSION FF(70),HH(70), MM(70), NN(70), S5(70), BA(500), BD(500)
N DIMENSION DD(500), B1(500)..
i INTEGER FF, HH, MM, NN, SS, W , K
o CALL IN1(OUTFILE, B, A, M, N, AD)
g CALL IN3(B,M,B1) |
-5 CALL IN4(Bi, M B) '
2% STOP .
o, END
N ®
53 |
.::1 C 369 4 48 390 98 T30 3 095 90 2630 30 360 3098 3 90 96 3 46 3 I I A 3 3 I 8 T4 5o 46 6 26 U 38 46 3 9 W W36 3 40 2E W 96 343 %
s c
o C ‘ PROGRAM : INL. FR
" C AUTHOR HARUN INANL1
v C DATE : SEPTEMBER 83
- C LANGUAGL:: FORTRAN 5
‘:\:_ C ' .
%:; C FUNCTION: THIS PROGRAM i8S USED TO READ THE FILTER
¢ COEFFICIENT PRODUCED BY DESIEN PROGRAM
- C WFILTER ACCORDING TD USER REQUIREMENT.
-5 ¢
:: Ci*i**#*i********jl**#***********i******************i***************
"y SUBROUTINE 1IN1(OQUTFILE, B, A, M, N, AQ)
e DIMENSION OUTFILE(7), B(500C), & S(hd)
3 ACCEPT “FILTER COEFFICIENTS FILE NAME : *
” READ(11, 10)0UTFILE(L)
oo 10 FORMAT(515)
o CALL OPEN(!,QUTFILE, 1, IER)
2 IF (1ER. NE. })TYPE “"OPER ERROR". 1I'R
- READ FREE(1)M .
=L READ FREE(!)N

READ FREE(1) (B(I), I=1.M¢j)

oA READ FREE(1) (A(1), I-:i.N+})
e s READ FRELE(1)AO A
o CALL CLOSE (1, 1ER)
SRS IF (IER. NE. 1) TYPE “CLII%E F Lol Dances, 1o -
— RETURN |
- END. 120 ‘
o |
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(,\ < PROGRAM : IN3. FR '
o C AUTHOR HARUN INANL.I
s C DATE : SEPTEMBER 83
Ej < LANGUAGE: FORTRAN 5
T C
C FUNCT ION: THIS SUBROUTINE IS USED TO SCALE THE FILTER
o c COEFFICIEN SUCH THAT THE SUMMATION OF THE
3 c ABSULUTE VALUE OF THE COEFFICIENTS IS LESS
o c THAN (0. 1). .
e c
.: ) Caw P L LT Iy ey XU R AN R AVRTR Y VR RN RS R AU A0 b 48 9 T A I 36 96 3 3 W 3E ¥ %I
SUBROUTINE IN3(B,M,B1)
DIMENSION B(500), BA(500),B1(500)
REAL SUM
INTEGER K
L=1000
DO 20 K=1,L
SUM=0
- DO 30 I=1,M+1
) BA(I)=ABS(B(1))
5 BA(1)=BA(I)/K
o SUM=SUM+BA( )
£ . 10 CONTINUE
T3 IF(SUM.LT. {. 1))60 TD 50
s 20 CONTINUE
- 50 CONTINUE
o DO 52 I=1,M+1
A 52 B1(I)=B(I1)/K
o RETURN
N END
N
o8
S , .
.
SO
AR 121
o7
-2 . .-

a M.
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PROGRAM IN4. FR

AUTHOR HARUN INANLI

DATE : SEPTEMBER 83

LANGUAGE: " FORTRAN 5

FUNCTION: THIS SUBROUTINE IS USED TO QUANTIZE THE FILTER

COEFFICIENTES IN EITHER TRUNCATIOMN OR ROUNDING

TECHNIQUE ACCORDING TO USER REGUIERMENT. THEN
CALCULATE THE QUANTIZE ERROR AND STORE ALL
THESE DATA IN THE FILE.

ONOOOOOONOOGH

98 T A A S A S 296 TSI S A6 3 I FE I IE T I AT AE I I 3 T A A A6 36 69 AR T 0 ST 9

SUBROUTINE IN4(B1,M.B)

DIMENSION B{(500). BK(500), D(500), BN(300). BB (500"

DIMENSION BC(500), BA(500), BD(500), DD(500), B1 (500)

INTEGER OUTFILE(7), QUTF(5)

INTEGER HH(70), K, MM(70), NN(70), FF(7Q)

INTEGER W

ACCEPT"ENTER FILE NAME :

READ(11, A00)QUTFILE(1)

FORMAT(S13)

CALL DFILW(OUTFILE, IER)

IF(IER. EG. 13) 6O TO 401

IF(IER. NE. 1) TYPE"DELETE FILE ERROR", IER

CALL CFILW(QUTFILE, 2, IER)

IFC(IER. NE. 1) TYPE"CREATE FILE ERROR", IER

CALL OPEN(1, QUTFILE, 3, IER)

IF(IER. NE. L) TYPE"OPEN FILE CRROR", IER

ACCEPT"COEFFICIENT FILE NAME FOR PLOT :

READ(11, 900)QUTF (1)

FORMAT (S15)

CALL DFILW(QUTF, IER)

IF(IER. EQ. 13)G0 7O 910

IFCIER. NE. 1) TYPE"DELETE FILE ERROR", IER

CALL CFILW(QUTF, 2, IER)

IFCIER. NE. 1)) TYPE"CREATE FILE ERROR", IER

CALL OPEN(2, QUTF. 3, 1ER) _

IFCIER. NE. 1) TYPE"OPEN FILE ERROR", IER

ACCEPT"WORD LENGTH : "“. W

ACCEPT"QUANTIZATION TYPE (1-TRUNCATION, O-ROUNDING) ", OPT

A=b—-1

AAzW+]

Al=zA-1

DO 56 L=1, AA
HH(L) =0
FF{L)=0
NN{(L)=0
SS8(L)=0
MM(L)=0

CONT INVE

» OPT, SS(7Q)

400

401

900

910

56
122

.......
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IF(OPT. EQ. 1)60 TO 11
IF(OPT. EQ. 0)60 TO 91
BT 0090 90 A 19T I 3 3000996660036 9696600 9

C
C TRUNCATION QPTION
- )
11 DO 10 I=1,M+1
IF(B1(I).LT. (0. 0))C0 TO 81
HH(1)=0
¢0 TO. 82 _ , . '
81 HH(1)=1 . ‘
82 BB(I)=2.  O%ABS(DB1(I)) ’
Creannnendt THE LOOP 20 IS USED TO CONVERT THE****************
C DECIMEL NUMBER TO BINERY.
DO 20 K=2, W
IF(BB(1).GE. 1. 0)C0O TO 30
HH{(K)=0
60 TO 40
30 HH{(K)=1
BB(1)=BB(1)-1.0
40 BB(I)=BB(1)#2.0
20 CONTINUE .
Cruenesnnud® END OF LOOP 20 0*************i******i******
BK(I)=0.0
Crunuunnundt THE LOOP 60 1S USED TO CONVERT THE #8558 54 565
C BINERY NUMBER TO DECIMEL.
ﬁ DO &0 K=2, A .
- 60 BK(I)-BK(I)+HH(K)*(“ On#{—K+1))

Crwunnnensst END OF LOOP GO 163090969 90363040 36301096330 309630 336 363098 30 30164449628
IF(HH(1).EQG. 1)60 TO 100
BN(I)=BK(I)

60 TO 110
100 BN(I)=-BK(I)
110 D(I)=B1(I)—-BN(1)

10 CONTINUE
Crenzeaxt THE INFORMATION OPTAINED ABOVE IS STORED IN FILE ##xi#ss
WRITE(10, 200)W
WRITE(1, 5002 W
- WRITE(1, 500)(M+1) !
WRITE(2, 500) (M+1)
WRITE(10,201) . ’
WRITE(10, 202)
WRITE(10, 203)
500 FORMAT (20X, 13)
200 FORMAT(4X, "WORD LENGTH : *,14)
201 FORMAT (4X, "USED QUANTIZATION TYPE IS TRUNCCTION")
202 FORMAT(4X, "I", 3X, "COEFFICIENT B(I)", 9X, "SCALED COEFFICIENT"

1 » 9X,» "ROUNDOFF ERROR")
203 FORMAT(4X, =", 3X, " ", 9%, " "
1 ) DX, - -*) '
DO 204 I=1, M+1 wwr) B

WRITE(10,205)1,B(1),B1(I), D(D)
WRITE(2, 90111, B(I),B1(I), p(I)
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204 CONTINUE

... 203 FORHAT(IX;14.2X.E14.7.14X;E14.7:6X,E14.7)
- NRITE(10.206)

206 FORMAT (1X, "TRUNCATED COEFFICIENT IN BINARY")
DO 230 L=1,AA
230 HH(L)=0
DO 207 1I=1,M+1
IF(B1(I).LT. (0. 0))C0 TO 208

HH({1)=0
¢0 TO 209
208 HH(1)=1
209 BB(1)=2.0#ABS(B1(I1))

DO 210 K=2, W
IF(BB(I).GE. 1.0)60 TO 211

HH(K)=0

60 TO 212
211 HH{(K)=1

BB(I)=DB(1)-1.0
212 BB(1)=2. O%BB(1)
210 CONTINUE

WRITE(310, 213) (HH(RK), k=1, W)
WRITE(1, 213) (HH{K)., K=1, W)

213 FORMAT( 12X, 70¢11))
207 CONTINUE
60 TO S5
Ciﬁ END OF TRUNCATION OPTIGN

(%1

C 46 7 4690 96 3630 2 463 3 3690 3 330 30 3030 363636 I 3 30 35 46 6 36 336 3 J63 46 6 30 56 I 10 3 I 96 I 996 I 96
C 45 98 55 3 3 3 35 96 90 3 263 36 630 36 6 36 36 36 96 W I 3 I 6 I 96 33696 A6 35 330 96 18303 I I I 96 I ¥ 8 I 3
C

C : ROUNDING OPTION
c :
91 DO 26 I=1, (M+1) '
IF(B1{I1).LT. (0.0))60 TO 2i
FF(1)=0
6O TO 22
21 FF(1)=1
a2 BC(I)=2. O#ABS(B1(1)) :
ConninnntTHE LOOP 23 IS USED TO CONVERT THE #9856 1598 3 96 % %359 %
C DECIMEL NUMBER TO BINERY.

DO 23 K=2, AA
IF(BC(1).GE. 1.0)60 TO 24
FF(K)=0
60 TO 25
24 FF(R)=1
BC(1)=BC(I)-1.0
a5 BC(I1)=BC(1)%2. 0
23 CONT INUE
Coenxnxe® END OF LOOP 23****************
DO 31 K=1,A
MM(K)=0
MM(W)=1
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31 CONTINVUE
L IF(FF(AA). EQ. 1)G0 TO 42
R IF(FF(AA). EQ. 0)GO TO 37
“Ceennnswws THE LOOP 121 USED TO FIND THE ROUNDED #5434 5 4494444
C NUMBER STORED IN FINITE REGISTER
42 NNN=AA
DO 121 JJ=3, NNN
I I=NNN-JJ+2
NNC(II)aFF(II)+MM(II)+SS(II)
IF(NNC(IT).LT. 2)60 TO 121
NNCIT)I=NNCIT) -2

4

-.’

I |

SS(11-1)=1
121 CONTINUE
CinneiaittttEND OF LOOP 121 #5805 0409 530 596 9% 396 96 398 9 3 3% 3 3%

G0 TO <9

37 DO 47 K=_2, W

47 NN(R)=FF(K) .-

9 IF(FF(1).EQ.MM(1))60 TO 45
NN{1)=1
GO TO 41

4% IF(FF(1).EQ. 1)GO TO &
NN(1)=0 .
63 TO a1

& NN(1)=t

41 BA(I1)>=0.0

Cennewrnittn THE LOOP 130 IS USED TO CONVERT THE ROUNDED®# %% %4543 %%%
G BINERY NUMBER INTO THE DECIMEL. NUMBER.

G DO 130 K=2, W
¥ 130 BAC(I)=BA(TI)+NN(K)# (2 O¥&(-K+1))
Cuuen®END OQF LOOP 1 309599546 345969 646 3 9%
IF(NN(1). . EQ. 1760 TO 131
BD(I)=BA(1)

G0 TO 132
131 BD(I)=-BA(I)
132 DD(I)=B1(I1)-BD(1)

26 CONTINUE
Crunnane THIS PART OF THE PROGRAM 15 USED TO STORE###M###1wis
C THE INFDRMATION ABOUT THE ROUNDING
C . OPTION.
WRITE(10, 300)W
WRITE(1, 600)W
WRITE(1, 600) (M+1)
WRITE(2, 600) (M+1)
WRITE(10, 301) d
WRITE(10, 302) .
WRITE(10,303) '
600 FORMAT(20X., 15)
300 FORMAT(4X, "WORD LENGTH : ", I14)
301 FORMAT(4X, "USED QUANTIZATION TYPE 1S ROUNDING™)
302 FORMAT(4X, "I",3X, "COEFFICIENT B(I)", %X, "SCALED COEFFICIENT"

1 » 5X, “ROUNDOFF ERROR™)
303 FORMAT(4X, "=", 3X, " ", 9X, " "
- 1 » 5X, ")

AN DO 304 I=1,M+1

125
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o WRITE(10,305)1,B(1),B1(1),DD(I)
T WRITE(2,901)1,B(I1),B1(1),DD(I)
. 2. 304  CONTINUE
\ 305 FORMAT(1X, 14,2X,E14.7,14X,E14. 7, 6X,E14. 7)
. WRITE (10, 306)
L 306 FORMAT(1X. *“ROUNDED COEFFICIENT IN BINARY")
. DO 307 L=1,AA
g HH(L)=0
- FF(L)=0
NN(L)=0
SS(L)=0
MM(L) =0
307  CONTINUE
& DO 331 1=1,M+1
- IF(B1(I).LT. (0.0)) GO TO 303
FF(1)=0
¢0 TO 309
308 FF(1)=1
- 309 BC(I)=2. O#ABS(B1(1))
' DO 310 K=2, AA
IF(BC(I).GE. 1.0)60 TO 311
FF(K)=0
¢0 TO 312
311 FF(K)=1
BC(1)=BC(1)-1.0
312 BC(I)=2. O#BC(I)
ﬁ 310 CONTINUE

st 4 4,0

N ard

.l...l.‘l YRR .

DO 313 K=1,A
MM(K)=0
MM(W) =]
313 CONTINUE
IF(FF(AA). EQ. 1)60 TO 314
IF(FF(AA). EQ. 0)C0 TO 315
314 NNN=AA .
DO 316 JJ=3, NNN
1 I=NNN-JJ+2
NNCII)=FF(II)+MM(II)+SS(11)
IF(NNC(II).LT.2)C0O TO 317 ‘
NNCIT)=NN(ITI)=-2 :
- SS(II-1)=1
. e0 TO 316
- 317 NNCII)=NN(IID)
o 316 CONTINUE

O
‘LI;'\."\: Log s, ©

NERICEREAD

>
.

1@

= G0 TO 320
- 315 DO 321 K=2, W

321 NN(K) =FF (K)

s 320 IF(FF(1). EQ. MM(1))C0 TO 322

) NN(1)=1

. G0 TO 325

- 322 IF(FF(1).£Q. 1)60 TO 324 )
NN(1)=0 . .

> 60 TO 325

< e 324 NN(L)=1 ,

126

.....................

D - ff."."-'.' ---------- ALY S At T e T AT g et e teT N
_f‘fAf '.{m P Iy l-ﬁ‘l'.n -i'- le‘.'f’. J':'Iﬂ.‘l‘.r_'&'l. P ﬁ.-\ -":’-R Jat -' 'J:‘A}J‘ '; 'A‘ B 2 2 A A I




rwreT - w ' et IACRAiA I T R ICIRLIC R TS -
” - 2 Rt . LV p T A - -
325 WRITE(10, 325) (NN(L) ., L=1, W)
WRITE(1, 3246) (NN(L).L=1, W)
326 FORMAT (12X, 70(11))
331 CONTINUE
CALL CLOSE(1, IER)
IF(IER. NE. 1)TYPE“CLOSE FILE ERROR”»IER
TYPE "IF YOU WANT SINUSOIDAL ,INPUT TYPE : HA *
CALL CLOSE(2, 1ER) . )
IF(IER. NE. 1)TYPE“CLOSE FILE ERRORY, IER
55 CONTINUE
C t
Cc END OF ROUNDING OPTION
C 1 396 96 95 3498 45 S0 460 3 3 3 0 30 F 9 630 320 363 I I WA A I A I I3 2 3
RETURN
END .
.-'.“bq.
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o
ﬁf :j$. USER'S MANUAL PROGRAM NEWC
N
g FILE: NEWC
js
- DIRECTORY: DP4 :OWEN
. LANGUAGE: FORTRAN 5
R
A DATE: September 1983
-~
- AUTHOR: Harun Inanli
SUBJECT: Finding the new filter coefficient.
FUNCTION: This program is used to find the real
filter coefficient values after they
are changed in binary for nested filter
i structure.
14
[ PROGRAM USE: The program is loaded by the following
:ﬁ command:
o ,
N RLDR NEWC @FLIB@
o ﬁ SUBROUTINE REQUIRED: None
]
2y FLOWGRAPH :
& Type Figure
. 1. Two's Complement of Binary Numbers 26
2 2. Binary to Decimal Number Converter 27
L ('
2 EXECUTION OF THE PROGRAM AND ITS RESULTS FOLLOW:
."-.
NEWC
o ENTER THE OLD BINARY COEFFICIENT FILE NAME: TC
N ENTER THE NEW BINARY COEFFICIENT FILE NAME: NTC
b
poiv Content of the file TC is explained in the user's
;‘ manual of our program IN.FR. The content of the file NTC is
‘o
o the same as the file FC which is also explained in the user's
N
*: manual of the program in.FR.
i
1.
\
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CE#gs v THIS FART OF TRUNMCATION IS USED TO WRITE*® (YRS T
C FES Livi"ORMATION OBTAINED ABOVE
C TO TH:. FILE
wRITE FREEF(R) (5-1)
WRITE FREE(2) O
1) 44 1=0, (S-1)
¢4 WRITE FREE(2)YT(I)
RITE FREE(2) 1.
WRITE FREE(2) (.
wal.l, CLOSE(L, IER)
IFCTER. NE. 1)TYPE “CLOSE FILE ERROR", IER
Akl CLOSE(R, IER)
TFUIER ME, 1)TYPE "CLOSE FILE ERROR", IER
S IOR

D
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~% -ﬂkﬁ USER'S MANUAL PROGRAM NES1
e
FILE: NES1
3 DIRECTORY: . DP4 : OWEN

LANGUAGE: FORTRAN 5
: DATE: September 1983
3 AUTHOR:\ Harun Inanli
" SUBJECT: Finding the Nested Filtgr Coefficients.
i FUNCTION: This program locates the nested filter
: coefficients based on the equation be-
P low: .

BN(O) = A(O)

; BN(I) = A(I)/QUANTIZED(A(I)))
; where BN = nested structure coeffi-

‘[‘ cient; A = direct form coefficient;
l and QUANTIZED(A(I)) = truncated or
rounded direct form coefficient.

Then, the nested filter coefficients

are scaled such that each coefficient

is two times less than the absolute
maximum value of the coefficient.
Finally, those coefficients are quantized
according to user requirements of either
the truncating or the rounding tech-
nique.

. v )
LR L.'&"b_‘l

Sl S

) PROGRAM USE: The program is loaded by the following
o command:

RLDR NES1 @FL1B@

'.l )

SUBROUTINE REQUIRED: None

FLOWGRAPH :

Type Figure
e 1. Decimal to Binary Number Conversion 25

LN N
“ %
]
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EXECUTION OF THE PROGRAM AND ITS RESULTS FOLLOW:

NES1

COEFFICIENT WORD LENGTH: 16

INPUT FILE NAME FOR NESTED STRUCTURE: TC1
ENTER FILE NAME FOR NESTED COEFFICIENT: NC
QUANTIZE TYPE (1-TRUNCATION, O-ROUNDING) 1

The content of the file TCl is explained in the
user's manual of the program IN.FR., The file NC contains
the coefficients number at the first and the nested coeffi-
cients (in binary) at the second column. The first number

6 represents the number of coefficients and the second

number 16, the desired coefficient word length.

NC

0000000000001001
0100000000000000
0001001100100110
0000101111010001
0000011101001011
0000001000110101

DU W+
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LAMGUAGE: FLRIaAN Y

WY LG TH1 S PROCRAM CALCULATES
SIUCTURY COEFFICIENT (.
BiL Gt

Beid G 2AL) )
Bri(l)=A(1)/QUANTIZED{A
Lttt b BN . NMESTED STRUCTURE
A . THE SCALED DIRECTY |
THE. SCALED DIRECT FORM ¢
THE. PRONGRAM IN. FR. FUR
COEFT ICIENTS ARE SCALED
Cant LL OuNE CITHER IN T

Z2rRGSEPETCRREERREFIS > BB K R R BI04 3636 90 38 Fo 4 v <

T APITE |
[t "d QUIRGLEC7), 5, 1,08 T, NC
[WIVCER BB(E . 1403, ©5(20, 140), MM(20, 140 -
(RFE - CROMNCG2o, 140)
e TON X<ia03), XB5(20), D(20), XQ(20) . DR,
DICERSION B 200, BS(20)
AU TUODFTT LI TENT WORD LENETH @ ", NC
AL i TIMNPUT FILE nAME FOR MESTED STRUC
NEAT 11, 1OYOMITRFILE (Y )
CORAT(51B)
CALL DPEMOL, QUTFILE, 1, TER)
iF{IER. NE. VDTYPE”ORPENM FILE
READCTL. 2008
VOREFST 20X, 100
o 30 1=1.85

FEADCL, 40)T. X(I), XS p(n)
TOr T OLX, 14, 2X,ELl4. 7, 2X,. 004, 7, 2X, EY 4. 7
Aot CLOGE (L, TER)
IFUIER pME. DIYPE"CLUSE FILE ERROR", IER
sCOEFTP"ENTER FILE NAME FOR NESTED CORFF |
e, LV)OUTFILECL)
TURMAT(51%)
Tl DFILWCQUTFILE, 16£R)
L OLER. EQ 1300 TOQ 7749
iFf1ER NE L)TYPE"DELETE FILE ERROR", TER
CAaubh CFILWIOUTFILE, 7, 1ER)
[Fv TR ME. DY TYPEYCREATE FILE ERROR", IER

ERROR", IER

SALL 0P, DUTFILE, 3, TER)
LF: 10l ME VDI YPE"OPFM FULLE CRROR™, 1IER
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USER'S MANUAL PROGRAM HA

FILE: HA

DIRECTORY: DP4 :OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: | Harun Inanli

SUBJECT: Creating the input.

FUNCTION: This program produces the input,

according to user requirements, in
sinusoidal, step or multiple-step
function and then scales it. Finally,
it quantizes the input function,
according to user requirements, either
by the truncating or rounding tech-
nique.

PROGRAM USE: The program is loaded by the following
command:

RLDR HA HA1l STEP MSTE HA2 HA3 @FLIB@

SUBROUTINE REQUIRED:

Name Location Purpose

HA1 DP4 :OWEN To produce sinusoidal function

STEP DP4 :OWEN To produce step function

MSTE DP4:OWEN To produce multiple-step
function

HA2 DP4 :OWEN To scale the input

HA3 DP4:0OWEN To quantize the input

EXECUTION OF THE PROGRAM AND ITS RESULTS FOLLOW:

HA

ENTER FILE NAME: TI

NUMBER OF SAMPLES: 10

INPUT TYPE (1-STEP, O-SINUSOIDAL) 1

AMOUNT OF STEP: 5

WORD LENGTH: 16

ENTER FILE NAME FOR INPUT: TI1

QUANTIZATION TYPE (1-TRUNCATION, O-ROUNDING) 1

137
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File TI shown below, containes the desired number
o of samples with 10, coefficient word length with 16, and
the coefficients in binary. The content of the file TI1

is the same as the file TCl explained in the user's manual

of program IN.FR.

TI

10

16
0000110011001100
0000110011001100
0000110011001100
0000110011001100
0000110011001100
0000000000000000
0000000000000000
0000000000000000
0000000000000000
0000000000000000
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P ROGRAM HA

AUTHOR . HARUN INANI .1
LDATE . SEPTEMBER 83
LLANGUAGL: FORTRAN 5

FUNCTIOM: THIS PR OGRAM PRODUC! ., STEP, MULTIPLE STEP
OR SINUSOIDAL INPUT . CORDING TO USER
REQUIREMENT. THEN QU TIZE THE INPUT EITHER
IN TRUNCATING OR 1IN I -UNDING TECHNIQUE.

OGN oo m

Cc

B LT L I IR R g g e 3T 2R R 2 AR X R R Y e I s T Y R Y Y
OIMENSION %X(500), XX {500), X5(500), BN( 2 BROSOO)
LIMENSTON BR(ZRE), D(256), BE(256), BD( LY, DD(24LS)
STMEME TGN A LS00
s, T
CTEGER oA R IO) L, Ko MMOT70), NNCZO) , FE 70), OPT
PMTEGER 585700, GUTFILE(7)), RA, MRA
HUCEPT YEMIER FULE MAME @ ¢
sl LIYOUTFLLEC(SL)

11 FLRMAT (G )
CALL DFIL Wi OWTFILE, 1ER)
tFCIER B 1060 10 9068
TFCIER Mit°. U)TYPE"DEILETE FILE ERROR", @
‘[5. T CALL CF U WCOUTFILE, 2, TER)
. it (IER. Mie. L)TYPE"CREATE FILE ERROR”, :
Call OPEM(Z, OUTFILE, 3, IER)
IF(IER. ME L)TYPE®OPEN FILE ERROR", If"
ACCERT MUMBER OF SAMPLES © " R
ACCEPT"IMPUT TYPE(O~SIEP, | -MSTEP, 2-5. )501DAL)Y", OPTY
DO 10 L:=t,R
D X{L)=0 O
PFCCPTL. 120, 260 TO 100
[FCOPTE FQ 1)GO TO 10U
(F(OPTL.1:G. 0)60 70 1022
100 CALL HAL (X, R)
GO TO 101
1373 CALL MSTE (X R, A, MRA)
0 TO 1018
O ALl STLE DX, K RA)
101 CAaLL HAZ(:, XS5. K, R)
CALL HADCX, XS5, Ko R)
CALL CLOUSE(R, IER)
IF{IER. ME. 1) TYPE "CILOSE FILE ERROR", .
& TOP
ket
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USER'S MANUAL SUBROUTINE HA1l

FILE: HA1

DIRECTORY: DP4:OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR : Harun Inanli

SUBJECT: Producing Sinusoidal Function.

FUNCTION: This program produces the sinusoidal
function according to the equation
below:

X(N) = TT+«Sin(Ns2x /T) + 1.0

where TT = gain
N = number of points up to 500
T = period

By inspection of this equation, the
sinusoidal function values will be
all positive,

SUBROUTINE REQUIRED: None

USER'S MANUAL SUBROUTINE STEP

FILE: STEP

DIRECTORY: DP4:0OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Producing Step Function.
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FUNCTION: This subroutine produces the step
function up to 500 points. The magni-
tude of step function is 0.1.

SUBROUTINE REQUIRED: None

USER'S MANUAL SUBROUTINE HA2

FILE: HA2

DIRECTORY: DP4:0OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Scaling the Input Function.

FUNCTION: This subroutine scales the input sig-

nal such that the absolute maximum
value of the signal is less than 0.1.

SUBROUTINE REQUIRED: None

USER'S MANUAL SUBROUTINE MSTE

FILE: MSTE

DIRECTORY: DP4:0OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Producing the Multiple Step Function.
FUNCTION: This subroutine produces the step

function as shown below.
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The magnitude of the step is 0.1.
SUBROUTINE REQUIRED: None

USER'S MANUAL SUBROUTINE HA3

FILE: HA3

DIRECTORY: DP4 :OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Quantizing the Input Signal.
FUNCTION: This subroutine quantizes the scaled

input signal according to user require-
ments of either the truncating or
rounding technique. First, scaled
input is converted into the binary and
placed in the input register. The
input register can be a maximum 140
bits long. Then, according to user
requirement, this binary number is
truncated or rounded to the desired
finite word length. Finally, quantized
number is converted back to real number
and stored in the file.

SUBROUTINE REQUIRED: None

FLOWGRAPH :
Type Figure
1. Decimal to Binary Number Converter 25
2. Two's Complement of Binary Numbers 26
3. Binary to Decimal Number Conversion 27
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¢ s edpfher RO RERR SHERE Rttt R R e RSy

Ty OGR! PR

AUTHUR HARUM TNANL. 1
LUATE SEPTEMBER 83
1 ANGUAGI: FORTRAN 5

FLNCTION THE SUBDROUTINE IS USKE
SINUSOIDAL. SICNAL FOf.

USER REQUARMENT.

R 3 s P AT Rt dr B 3 $0 4 B 55 3 B 46 4 36 36 40 4 oF 4 96 9 S T4 36 3F 39 36 4 %

SUBRBUT [ el
DIMENSTOH

HAL (X, R)
B S+ 1618 D)

REAL YT, T
TNTESER H
aUTERT AT TS THE PERIOD 0 . T
o CEPT ”WHHT IS THE ¢aAIN @ ", TT
OO 10 N=1, R
15 CIMI=TH3INC(FLOAT(MN) »2k3. 141359)/7
ST TURIN
1N

e e - -

37 38 45 98 45 b 3 46 7 096 30 30 3 %

10 PRODUCE A
NIPUT ACCORDING TO

40 50 36 W 3 Wb W AE 36 W A W 36 563

C 2t st ® 180 & R 355D 60 S 409 916 98 3638 9 38 56 9 6 96 36 96 36 96 9 36 25 3646 3¢ +

C

C PROGRAM 8TEP

c AUTHOR HARUN INANL I

c DATE SEPTEMBER 83

C LANGUAGLE: : FORTHAN 5

¢

- FUNCTIGN: THIS SUBROUTINE IS
. THE STEP IMPUT.

(

SR Iy SRR RS R S22 ST R Y A AL A
SUBROUI INE STEP (X, R: RA)
DIMENS (UM X(500)

INTEGER RAR
ACCERPT”AMOUNT OF STEP", RA
DO 10 (=0, R’A
10 X(I1»- 1
DO 20 i1={RA+1),.R-]
e A1V O
HETURM
MD
.
7 143
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JED TO PRODUCE
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C 9 40 98 3698 3 35 3 A 330 3 3 A6 T 316 U 33 36930 36T I 16 A6 366 63636 6 A F 96 30 36 36 3 369 3 3696 3 296 38 2 W

PRAGRAM : - - HAZ
' AUTHOR : . HARUN INANL.I <
. DATE : SEPTEMBER 83 '
LANGUAGE : FORTRAN 5
FUNCTION : SUBROUTINE HA2 1S USED THE SCALE THE

PRUDUCED INPUT SIGNAL SUCH THAT THE
MAXIMUM VALUE OF THE SIGNAL LESS THAN
-1

T AW AN I TN AE 3630063630 50 H T T AT AT A T2 H00 963630 09600 4630 96 96

OO0 AANO0

SUBROUTINE HAZ2(X, XS, K, R)
DIMENSION XX(500), XS¢(500), X(500)
INTEGER R, K .
REAL XXM, L .
T XXM=0. 0
Cwunue##THE LOOP 10 USED TO FIND THE MAXIMUM VALUE ##%###%#%%
C
DO 10 N=i,R
XX(N)=ABS(X{(N))
IF(XX(N). GE. XXM)GO TO 20

XS(N)=X(N) ° ®
€0 TO 10 '
20 XXM=XX(N) s .
' XS(N)=X{N)
10 CONTINUE
C
CruatntEND OF LOQP 1 Q%4695 35469645 % %

LeXXM/. {4
ConnnnsnntTHE LOOP 30 1S USED TO SCALE THE INPUT#%%%% %% %%
C

DO 30 I={,R

30 XB5¢(I)=XS(I)/FLOAT (L)
c n
Couuu®END OF LOOP 309533364859 3 5 9% 3 9 3
RETURN

END
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CHeRe R ttRLRes RARFHTHARFPEFREE 0 HHHNE %A

FROOGR g MSTE

AUTHOP - HARUN  INAML )
DATC : SEPTEMBER 83
L ANGLAGTT FORTRAN 5

THE MULTIPLE STEF

OO0

ot Db R 4o R 3 e 3 5646 3 3 36 35 36 J0 48 96 69 9 36 363 396 3 36 96 36 % 1
SUBROUTINE MSTE (X, R, RA, MRA)
DIMENGION X (5300)

INTEGEH RA, MR, R
ACCEPT"AMOUNT OF STLP © ", RA
MR A=0

a1 ILFCT. SE RECO TO 22
W 10 [=MRA, (RA+MHA)

10 Xoelbsso
MRA=
DO 2¢ 1 =MIIA, (MIA+HA)

20 X(1,=0.0

MRA=}

IF(L LV R TO 218

RETURM

bND

[N
e
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Ve R
ol o PROGRAM :  HA3
o C AUTHOR HARUN INANLI
-2 c DATE D SEPTEMBER 83
3{ c LANGUAGE : FORTRAN 5
¥ c
j§ c FUNCTION : SUBROUTINE HA3 1S USED TO QUANTIZE THE
, c . SCALED INPUT EITHER IN TRUNCATED OR ROUNDING
s C o TECHNIQUE ACCORDING TO USER REQIEREMENT. THEN
= c CALCULATE THE QUANTIZATION ERROR AND STORE ALL
e c THESE INFORMATION IN THE FILE
v c : ’
;i{ Ci**i*i********i*%******i**********************#*******&************

SUBROUTINE HA3(X, XS. K. R)
1 DIMENSION X(5S00), XS(500), BN(500), BB(500)
D DIMENSION BK(S500), BA(S500), BD(500), DD(500), D(500), BE(500)

) INTEGER HH(S00), K, MM(70), NN(70), FF(70), OPT, S5(70)
S INTEGER A. R, AA, OUTF(5)
By ACCEPT"WORD LENGTH : “, K
= ACCEPT"ENTER FILE NAME FOR INPUT : * )
o READ(11, 900)0UTF (1)
BN 900  FORMAT(S15)
A CALL DFILW(OUTF, IER)
e IF(IER. EQ. 13)60 TO 910 >
e ) IF(IER. NE. 1)TYPE"DELETE FILE ERROR)", IER
' & 910 CALL CFILW(OUTF: 2, IER}
ol IF(IER. NE. 1) TYPE "CREATE FILE ERROR", IER
Y CALL OPEN(1, OUTF, 3, IER)
o IFC(IER. NE. 1)TYPE"OPEN FILE ERROR", IER , :
R ACCEPT"QUANTIZATION TYPE (1-TRUNCATION. O-ROUNDING)", OPT
I A=K-1 ) .
e AA=K+1 _
- DO 56 L=1.,K
A HH(L) =0
- FF(L)=0
o NN(L)=0
: SS(L)=0
-, MM(L)=0 ' -
o 56 CONT INVE
AN IF(OPT.EQ. 1)60 TO 11
T IF(OPT. EQ. 0)¢0 TO 91
" C 309090 300030909030 34030 1536 48 09038 30 3 3 304046 6 A 900 I Je A6 6 8 T 3635 I 3630 30 3 98 38 18 46 6 96 3 96 36 3 9 3
. e C '
- c TRUNCATION OPTION ‘
c
w 11 DO 10 I=1,R
L IF(XS(I).LT.0.0)G0 TO 81
cut HH(1)=0
) G0 TO 82
et AR 81 HH(1)=1
YR 146
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g2 BB(1)=2. O*ABS(XS(I))

£ CowsswneaTHE LOOP 20 IS USED TO CONVERT THE ##s#sisisnss

- DECCIMEL NUMBER TO BINERY.
DO 20 N=2, K
IF(BB(I).GE. 1.0)60 TO 30

HH{N)=0
GO TO 40
30 HH(N)=1
BB(I1)=BB{(1)-1.0
40 . BB(1)=BB(1)#2. 0
20 CONT INUE
. Ceunnue#END OF LOOP 20&&4.&***4**&&*&*4*5*&*»**»
BK(1)=0.0
ConrusnnsnntnTHE LOOP 60 1S USED TO CONVERT THE ##4###84% %%
(o BINERY NUMBER TO DECIMEL.
DO 60 N=2, K .
&0 BR(I)=BR(I)+HH(NY® (2. Or%(~N+1))

Crtnittntt#END LOOP S04 360 44 3% 348 3696 396 3 3¢
IF(HH(1).EQ. 1)60 TO 100
BN(I)=BK(I)

G0 TO0 t10
100 BN(I)=-BK(I)
110 D(I)=XS(I)=BN(1)

10 CONT INUE
CranntnuTHE INFORMATION OPTAINED ABOVE IS STORED IN THE FILE®###%%%%ki*
WRITE(10, 204)R

a WRITE(10,203)K

WRITE(2..400)R
. WRITE(1, 400)R
WRITE(2, 400)K
WRITE(10, 204&)
WRITE(10, 200)
WRITE(10, 201)
400 FORMAT (20X, 193)
204 FORMAT(4X, "NUMBER OF SAMPLE : ", I9)
205 FORMAT (4X, "WORD LENGTH : "2 I9)
206 FORMAT (4X, "USED QUANTIZATION TYPE 1S TRUNCATION")

200 FORMAT (4X, "1*, 6X, "INPUT X(I)", 5X, “SCALED XS(I)", 2X, "ROUNDOFF ERR{

201 FDR"AT(4XJ Nt X, Ve ———, 4x, w,2X "

DO 203 I=1,R
WRITE(10, 20211, X(1), XS(I),D(I)
WRITE(1,202)1, X<I), XS¢I),DCI)

203 CONTINUE
202 FORMAT(LX, 14, 2X, E14. 7, 2X, E14. 7, 2X, E14. 7)
CALL CLOSE(1, IER) |
IF(IER. NE. 1) TYPE"CLOSE FILE ERROR", IER
WRITE(10, 210)
210 FORMAT(1X, "TRUNCATED INPUT IN BINARY")
DO 207 I=1,R
IF(XS(I1).LT.0.0)60 TO 212
HH(1)=0
e ¢0 7O 213
DA 212 HH(1)=1

147

..............
.............
..............

...........




213 BB(I)=2. O®ABS(XS(1))
DO 214 N=2, K
RS IF(BB(1). GE. 1. 0)G0 TO 215

b HH(N) =0
P GO TO 216
o 219 HH(N)=1] '
o~ BB(1)=BB(1)-1.0Q
-l 214 BB(1)=BB(I1)%2.0
- 214 CONTINUE

R WRITE(2, 208) (HH(N), N=1, K)
WRITE(10, 208) (HH(N), N=1, K)

208 FORMAT (12X, 200(I1))
207 CONT INVE :
60 TO 55 . -

END OF TRUNCATION OPTION

a0noo0n

C 4 4 3 40 38 3 3035 30 96 3 3 33 36 3 3 W A U A 36 S I8 3 W A AP I 36 S K 36 I I A W I I N
C 2 48 30 38 3 9036 36 4 36 5 I 96 96 5 336 696 9 I A T 3 I W I I 36 30 3 I 36 I B 36 W A6 W 3 W I

.

ROUNDING OPTIION

O

21 DO 26 I=1,R
FF{1)=0
IF(XS(I).LT. (0. 0))C0O TO 21
FF(1)=0
GO TA 22
" 21 FF(1)=}
c;: 22 BE(1)=2. O¥ABS(XS(1))
Cunwnn#tTHE LOOP 23 IS USED TO CONVERT THE 49643 5944 %3 %54
C DECIMEL. NUMBER TO BINERY
DO 23 N=2, AA
IF(BE(I).GE. 1.0)C0 TO 24
FF(N)=0
¢0 TO 25
24 . FF(N)=1
BE(I)=BE(1)-1.0
25 BE(I)=BE(1)%2. 0
23 , CONTINUE
CeeuxnnennetesEND OF LOOP 23********************************
DO 31 N=1,K :

MM(N)=0
< MM(K)=1
31 CONT INUE
IF(FF(AA). EQ. 1)G0O TO 42
IF(FF(AA): EQ. 0)00 TO 37
42 NNN=AA
ConnnannrunnsxaTHE LOOP 121 I8 USED TO FIND ROUNDEDS %% #4104 5 #4 4%
c NUMBER STORED IN FINITE REGISTER

DO 121 JJ=3, NNN
IT=NNN-JJ+2 »
NNC(II)=FF(II)+MM(II)+8S(II)
IF(NNC(II).LT. 2)60 TO 121
NN(ITI)=NN(ITI)-2
SS(I1I-1)=1

121 CONTINUE
148

ORI PSRRI AR ._. .'.‘..._. IR L Tt T e
Ny LT -
..........




LanCas o ' . v 2 Jiage Snge_ i ) get e ) o St Shu Jean St fhod Jhete Sevs Sy et faatt digi Jnih Jhatit SR
LA S S ENC AL s ANEIMESEARNC AR AR AT I AL AL A A A A R N

....................

<_'.\
£
\‘_:.
o
et - - 4
E:-".:-’ CratnitntudtEND OF LOOP 121955360 36348 363638 5 9 3 36965 3696 35 3 9 96 98 35 3 ¥ %
N . 60 TO 9
I 37 DO 47 N=2, K
7 - NN (N) =FF (N)
. a7 CONTINUE
& 9 IF(FF(1). EQ. MM(1))G0 TO 45
30 NN(1)=1
2% . G0 TO 41
Yo 35 IF(FF(1).EQ. 1)G0 TO &
i NN(1)=0
oy 6o TO 41
N b NN(1)=1
3-\'; 41 BA(I)=0.0 . _
D CowrnuensTHE LOOP 130 IS USED TO CONVERT THE ROUNDED #4334 ##3%%
o c BINERY NUMBER INTO THE DECIMEL NUMBER
DO 130 N=2, K
) 130 BACI)=BA(I)+NN(N) #(2. Q% (-N+1))
e CrunenttttEND OF LOOP 1 3O 9300 6365540600 963630 3303600 3 93 06
- IF(NN(1). EQ. 1)60 TO 131 '
vy BD(I)=BA(I) ‘
o~ 60 TO 132
- 131 BD(I)=-BA(I)
o 132 DD(I)=XS(I1)-BD(1)
S 26 CONTINUE _
- ConennnnsnnttnTHIS PART OF THE PROGRAM 1S USED TO STORE# #5441 54% %% %
o8 o THE INFORMATION ABOUT THE ROUNDING OPTION
S WRITE(10, 300)R :
GEB WRITE(10, 301)K
i WRITE(2, 400)R
&) WRITE(1, 400)R
o WRITE(2, 400)K
s WRITE(10, 302)
oy WRITE(10, 303) 1
\ WRITE(10, 304)
0 DO 305 I=1.R
A WRITE(10,306)1,X(I), XS(I),DD(I) .
) WRITE(1,306) 1, X(1), XS(I), DD(I)
o 305 CONTINUE .
A3 306 FORMAT(1X, 14, 2X,E14.7,2X,E14. 7, 2X,E14. 7)
' DO 340 L=1.K , ’
NN HH(L)=0
L FF(L)=0
.:_\'-', NN(L)=0
" SS(L)=0
R MM(L)=0
" 340  CONTINUE
s WRITE(10,341)
S 341 ° FORMAT(1X, "ROUNDED INPUT ‘IN BINARY")
Ny DO 310 I=1,R
o IF(XS¢I). LT. (0.0))G0 TO 311
A FF(1)=0
O 60 To 312
RN 311 FF(1)=1 .
AN 312 BE(I)=2. O#ABS(XS(I))
N 149
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c
C
c
C

314

315
313

317

318

321
320

319

326
322

327

330

331

332
310
300
301
302
303
304
995

038 46 30 98 1090 90 36 3 I 3 3E 3 F6 I 30 96 3636 90 3 3 96 W I 1 3 I I I 7 3 I e 4E I 46 3 4 56 40 3 e NN

DD 313 N=2, AA
IF(BE(I). GE. 1.0)60 TO 314
FF(N)=0
G0 TO 3t5
FF(N)=1
BE(I)=BE(I)-1.0
BE(I1)=2. O#BE(I)

CONTINUE

DO 317 N=1,K
MM(N)=0
MM(K) =1

CONTINUE

IF(FF(AA). EQ. 1)60 TO 318

IF(FF(AA). EQ. 0)G0 TD 319

NNN=AA

DO 320 JJ=3. NNN
TI=NNN-JJ+2
NNC(II)=FF(ID)+MM(II)+SS(II)
IF(NN(II).LT. 2)c0 TO 321
NNC(IT)=NNCII)=-2
SS(1I-1)=1
G0 TO 320
NNC¢II)=NNC(II)

CONTINVE

60 To 322

DO 326 N=2, K
NN (N)=FF (N)

IF(FF(1).EQ. MM(1))G0 TO 327

NN(1)=1

60 TO 331

IF(FF(1). EQ. 1)60 TO 330

NN(1)=0

GO-TO 331

NN(1)=1

WRITE(2, 332) (NN(L), L=1, K)

WRITE (10, 332) (NN(L),L=1,K)

FORMAT (12X, 200(11))

CONTINUE
FORMAT (4X, "NUMBER OF SAMPLES : ", I9)
FORMAT (4X, "WORD LENGTH D" 1

FORMAT (4X, "USED QUANTIZATICN TYPE IS ROUNDING")
FORMAT(4X, "I", &6X, "INPUT X(I)", 5X, "SCALED XS(I)", 2X, "ROUNDOFF ER}

FORMAT(4X, "=", X, "wr=——————- ", 85X, "

CONTINUVE

TYPE “1IF YOU WANT OUTPUT TYPE :0UT *

END OF ROUNDING OPTION

RETURN
END
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Appendix C

Digital Filter Structure

Appendix C contains the program and user's manual
for different digital filter structures. Each program
user's manual explains what the program does. These are
called as follows:

1. OUuT

- :.'l
ArAAAAA

2., CoOuT

. POUT

] PX3

<

. NES

4 L]
Y-

/ 4./'."‘. y

3
4
5. CNES
6

\)
Iy

-1" \)' ’ l 5 1

¥

. PNES
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. o USER'S MANUAL PROGRAM OUT

{
.
e FILE: TOUT
- DIRECTORY : DP4 :OWEN

LANGUAGE: FORTRAN 5
< DATE: September 1983
. AUTHOR : Harun Inanli

SUBJECT: Calculating the Direct Form Digital
.- Filter Response.
{ FUNCTION: This program is used to compute the
- direct form digital filter output
0 response. The digital filter coeffi-
o cient and input signal are taken from
XS two different files in binary. Then,
‘i they are multiplied and added based
) on convolution. The addition is
-ﬁ carried out in two's complement. The

~ iy

output register is two times larger
than the input register and the output
response is stored in binary.

a

) .
Nl AU

P Pt

PROGRAM USE: The program is loaded by the following
command :

;‘ RLDR TOUT @FLIB@
SUBROUTINE REQUIRED: None

- FLOWGRAPH :

- Type Figure
- 1. Two's Complement of Binary Numbers 26
T 2. Two's Coplement Addition 28
o 3. Binary Multiplication 29
s 4, Shift-left and Shift-right Operator 30
L 5. FIR Direct Form Structure 31

.
-
-.

i

4
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EXECUTION OF THE PROGRAM AND ITS RESULTS:

TOUT

BINARY COEFFICIENT FILE NAME: TC
BINARY INPUT FILE NAME: TI
UNQUANTIZE BINARY OUTPUT NAME: TO

The content of the file TC and TI is explained in
Appendix B. The file TO shown below contains the desired
word length with 16, number of samples with 10, and the

output response in binary.

TO

16

10
000000000001110111101101000100000
000000001011010100010111101100000
000000011001010100110011010000000
000000100111010101001110110100000
000000110000110001111001011100000
000000110000110001111001011100000
000000100111010101001110110100000
000000011001010100110011010000000
000000001011010100010111101100000
000000000001110111101101000100000

QOO PWNHFO
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70
30

10

30
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PROGRAM : QuT

AUTHOR HARUN INANLI

DATE : SEPTEMBER 83

LANGUAGE: ~ FORTRAN 3

FUNCTION: \ THIS PROGRAM IB USED TO FIND THE FILTER

. . ~'OUTPUT BASED ON CONVOLUTION. THE BINERY INPUT

" AND FILTER COEFFICICENT ARE COMING FROM THE FILES
- THESE VALUES ARE CALCULATED BY PROGRAM HA AND IN, |
" RESPECTIVELY. NEGATIVE NUMBER IS. CONVERTED TO THE
, 'TWO’S COMPLEMENT THEN ADDITION IS CARIED OQUT IN
THIS NUMBER SYSTEM. THE OUTPUT WORD LENGTH IS
SPECIFIED TWO TIMES BIGGER THAN INPUT WORD LENGTH

THE CALCULATED OUTPUTS ARE STORE IN BINERY IN THE
FILE

L3

INTEGER OUTFILE(7), QUTF(7)
INTEGER X (20, 140), H(20, 140), PP(20, 140), YC(20, 140)
INTEGER P (20, 140), SS(20, 140), YY{20, 140)
INTEGER IW.NC.CW, S, F,RR, R2, V. JB, JA
ACCEPT"BINERY COEFFICIEN FILE NAME : *
READ(11, 50)QUTFILE(1) , . )
FORMAT(S15).
CALL OPEN(1.OUTFILE, 1, IER)
READ (1, &0)CW
FORMAT (20X, 15) -
READ( 1, 60)NC
DO 70 1=0, {NC-1) \

READ (1, 80) (H(I, K), K=1, CW)
FORMAT (12X, 140(11))
CALL CLOSE{1, IER)
IF(1ER. NE. 1)TYPE"CLOSE FILE ERROR", IER
ACCEPT"BINERY INPUT FILE NAME : *
READ(11, 10)OUTFILE(1)
FORMAT (515)
CALL OPEN(1, OUTFILE, 1, 1ER)
IF(IER. NE. 1)TYPE"OPEN INPUT FILE ERROR : ", IER
READ(1,30) § ,
FORMAT (20X, 15) : c o
READ(1, 30) IW
ACCEPT "UNQUANTIZED BINERY OUTPUT NAME : *
READ(11, 905)0UTF(1) -
FORMAT (515)
CALL DFILW(OUTF, IER)
IF(IER. EQ. 13)60 TO 906
IF(1ER. NE. 1) TYPE"DELETE FILE ERROR", IER
CALL CFILW{(OUTF, 2, IER)
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[F (IER. NE. 1) TYPE"CREATE FILE ERROR", IER

N K5 CALL OPEN(2, DUTF, 3, 1ER)

O IFC(IER. NE. 1) TYPE"OPEN FILE ERROR", IER

a WW=24 W -

i WWW=2%IW+1 ; :
FWW=IW+1 : B
WWl=2%IW+2
CWW=ClW+1 : -

DO 400 1=0, (S-1) e

DO 410 K=IWW, WWW ' K o o '
‘XAL I, K)=0 : ’ : :
X(I,K)=0.

410 CONTINUE

DO 401 M=0, (NC-1) _
IF(M. GT. 1060 TOQ . 4Q0 .- .
DO 402 K=1, WWW+2

1
’
‘
b

: S85(M. K)=0
402 CONTINVE
401 CONTINUE

400 CONTINUE
DO 430 M=0, (NC-1)
DO 430 K=CWW, Wi

340 H(M, K)=0" " o T
430  CONTINUE : : "
WRITE(2, 915) IW . D,

. WRITE(2,916)S
40 FORMAT (12X, 140(11)).
J=0 . '
RR=0 ‘ . -
JB=0 , -
433  JUB=J .
N0 435 J=JB, (JB+9)
DO 436 K5=1, WWi
YY(J, KS)=0
YC(J, K3)=0 '
436  CONTINUE
435  CONTINUE -
IF(JB. EG. 297)60 TO 4467
IF(JB. EQ. 198)60 TO 467 "
IF(JB. EQ. 99)60 TO A&7 - .
TYPE(RR) : !
IF(RR. EG. 400)G0 TO 458 ! '
IF(RR. EQ. 300)G0 TO 458 , '
IF(RR. EQ. 200)60 TO 458 ' : '
IF(RR. EQ. 100)60 TO A58
447 DO 20 JA=RR, (RR+9)
20 READ(1.40, END=41)(X{(JA, K), k=1, TW)
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v THE BEGINING OF THE® CONVOLUTION

41 CONTINUE
458  RR=JA _ .
DO 921 J=JB, (JB+%9) :
IF(J. GT. (§-1))60 TO 929
DO 110 M=0,NC-1
LL=U-M :
IF(LL.LT. 0)60 TO 921 . .o . L o
IF(J. GE. (JB+9))GO TO 433 L . o
DO 940 II=1, WWW+2 o ’
P(M, 11)=0 , R ¢
§5(M, 11)=0 '
XNy CONTINUE
CwwwannerTHE LOOP 130 IS USED FOR BINERY MILTIPLICATION® %%

DO 130 R=2,CW
KK=CW~R+2
IF(H(M. KK). EQ. 1)60 TO 130 .
Coendnertin®THE LODOP 160 IS USED FOR SHIFT—RIGHT## #5440 0%%%

121 DO 160 K=2, WWHW
Ri=WWW~-HK+2
P(M, R1+1)=P (M, K1)
s o CONTINUE
BT OP(M, 2)=0
CaxwwadwittattEND OF LOOP 1 508365004 033 30 3090 36 336 3 38 L
60 TO 130 :
150 DO 180 JJ=2, WWW
v TI=WWR-JJ+R . :
PM, I =X(LL. IT)+P (M, I1)+SS(M, I1)
IF(P(M, I1). LY. 2)C0 TO 180
P(M III=P(M 1I1)-2
SS(M, I11-1)=1
160 CONTINLE
IF(SS(M, 1). EQ. 0)G0O TO 21
So4 DO 528 K=2, WWW
K1=WWW-K+2
P(M, K1+1)=P{(M, K1) ,
5243 * CONTINUE
P(M, 2)=1
G0 TO 121
130 CONTINUE
A
Lantaattt®END OF LOOP 1 309% % 446398388 44 3 1 3¢
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&00

201

209

200
G
e
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P(M-1)=1 :
-60 TO 250
240 P(i, 1)=0 _
CunensuneTHE BEGINING. OF THE ADDITION OF P AND YYiisisauits
< “ .
CrwaesussssnTHE BEGINING OF THE TWO’S COMPLIMENT OF Pas#s ’
¢ . o ' o
250 'IF(P(M, 1).EQ. 060 TO 400 . S
DO 610 II=2, WWW : A

¢ .
ContunnnntdEND OF THE TWO’S COMPLEMENT OF Pttt

;ﬁkiii***END OF ADDITION OF P AND Y'Y 343533836310 340 30030 30 4 4 030 38

Ot Po® 3
Pl I L
I A L o A AT e A Bt e A T R MR

DO 190 11=2,WW R
P(M, I1)=P(M, I1+1)
IF(H(M, 1). EQ. X(LL, 1))60 TO 240

. IF(P(M, 11). EQ. 0)G0 TO 420
P(M, I1)=0 ' .
€0 TO 610 .
P(M, I1)=1
CONTINUE
DO 602 II=1, WWW-1
PP(M, 11)=0
SS(M, I11)=0
CONT INUE
PP (M, WWW)=. ‘
SS (M. WWW)=0 '
DO 403 11=2, WWW
JIU=WWW-11+2
P PAMe VI =P (M, JJI)+PP (M JJ)+SS (M, JJ) '
IF(P(M, JJ).LT. 2)GO TO 603
P (M JU)=P (M, JUI-R
SS(M, JJ-1)=1 .
CONTINUE X '
DO 201 II=1, WWW : Yy,
JU=WWW-TI+1
P (M JJ+1)=P (M) JJ) , ’
CONTINUE e
P(M, 1)=0 : ’

¥

DO 209 I1=1, WW1 » :
S5(M, 11)=0

DO 200 JJ=2, W1
I1=WW1-JJ+1
YY(J, IT)aYY(J, II)+P (M, I1)+8S(M, I1)
IF(YY(J, 11). LT. 2)60 TO 200
YY(J TD)=YY(J 11)=2 : -
5S(M, 11-1)=1

CONT INUE : | -

A
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IF(55(M, 1). EQ. 1)€0 70 781 — - M
IF(SS(M, 2). EQ. 1)60 TQ 731 .
GO TO 184
781 DO, 678 11=1, WWW
JIJ=HWWW-T 1+1
YY (s JUI+1)3YY (Js JIJ)
678 CONT INUE
* YY(J) 1)=0 .
184 IF(M. EQ. (NC-1))C0 TO 798 o - et
IF(LL. EQ. 0)G0 TO 798 - ' £
1IF(LL. 8T..J)G0 TO 929 ' : . ’ : .
o TO 110 . . © .
CarnsnannedTHE 183 1S USED FOR SHIFT-LEFT#¥#####xs . i ' v
. .

o

b
4

G

A

A

/98 DO 183 II=1, WWW '
1a3 Ve I1)=YY (U, 1I+1)
L. ’ :
CawnatrittEND OF LDOP 183**********#***‘l’********f
IF(YC(J, 1). EG. 0)G0 TO 800
DO 810 II=2, WWW -
IF(YC(J, 11). EQ. 060 TO 820
YC () 11)=0
¢D TD B10
820 YC(J, 1D =1
310 CONTINUE
. DA B19 II=1,WWW-1
) PP(J, 11)=0
\ ﬁ 55(J, 11)=0
| e 819 CONT INUE
PP (Js WWW) =1
SS (J) WWW)I=O0
DO 829 11=2, WWW
JUSWW=-TI+2
YC (Js JUIEYC (s JJD+PP (Js JUIES (U JJ)
IF(YC(Js JJ). LT. 2)€0 TO 829
YC (s S =YC (s )2
- SS(J, JJ-1)=f :
8959 . CONTINUE ' -
300 CONT INVE ;
WRITE(2, 923)J, (YC(J, JJ), JJ=1, WWW)
116 CONT INVE '
921  CONTINUE

END GF CONVOLUTION : *

[

“
[
C 4190 30 5696 9638 30 96 36 96 90 369 96 369003 36 630 19 3596 3638 36 W90 96 39640 36 36 3 36 3096 3630 90 98 36 3 0 36 96 0 96 36 6 36 96 3 398 3 4696 3 194 ,
CAaLL CLOSE(1, IER) . , . 4
IF(IER. NE. $)TYPE"CLOSE FILE ERROR", IER N
719 FORMAT (2X, 15)
%16 FORMAT (1X..1I3)
- 910 FORMAT (4X, *1I%, 35X, "UNQUANTIZED QUTPUT")
©11 FORMAT (4X, =", 5X, " ")
9za FORMAT(1X, 14, 3X, 140(11))
‘CALL CLOSE(2, IER)
IF(IER. NE. $)TYPE"CLOSE FILE ERROR", 1ER
I29 STOP
+.ND 158
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USER'S MANUAL PROGRAM COUT

FILE:
DIRECTORY:
LANGUAGE:
DATE:
AUTHOR :

SUBJECT:

FUNCTION:

PROGRAM USE:

SUBROUTINE REQUIRED: None

FLOWGRAPH :
Type Figure
1. Two's Complement of Binary Number 26
2. Two's Complement Addition 28
3. Binary Number Multiplication 29
4, Shift-left and Shift-right Operator 31
5. FIR Cascade Form Structure 32

CouT

DP4:OWEN
FORTRAN 5
September 1983
Harun Inanli

Calculating the Cascade Form of the
Digital Filter Response.

This program computes the cascade

form of the digital filter output
response. Easth second-order section
coefficients and input signals are
taken from two different files in
binary. Then, for each second order,
they are multiplied and added based on
convolution. The addition is carried
out in two's complement. The output
of the first second-order section will
be the input of the next second-order
section. The final second or er sec-
tion output will be stored i cthe file
as the cascade filter output.

The program is loaded by the following
command:

RLDR COUT @FLIB@

159




EXECUTION OF THE PROGRAM AND ITS RESULTS:

_ COUT

{ BINARY COEFFICIENT FILE NAME: TC

- BINARY INPUT FILE NAME: TI

- UNQUANTIZE BINARY OUTPUT NAME: TO

% ENTER THE NEXT SECOND ORDER SECTION: TO
= NEXT SECOND ORDER OUTPUT FILE: CTO

o The content of the file TC and TI is explained in

Appendix B. The file TO contains the output of the first

second-order section output response in binary. The file

CTO shown below, which contains the similar data explained
for the file TO in Program OUT, represents the output

- response of the cascade form structure in binary.

- TO

000000000111101110110100000000000
000000001111010110111000010100000
000000010111000101101100010100000
000000010111000101101100010100000
000000010111000101101100010100000
000000001111010110111000010100000
000000000111101110110100000000000
000000000000000000000000000000000
000000000000000000000000000000000
00000000C000000000000000000000000

QOO WNH~O

CTO

16

10
000000000000001101100010011011000
000000000000111001010001101111000 ‘
000000000010000010001001110000110
000000000010111010001110101011010 !
000000000011010111100100101110010
000000000010111010001110101011010
000000000010000010001001110000110
000000000000111001010001101111000
000000000000001101100010011011000
000000000000000000000000000000000

1
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FPROGRAM cuuT
AUTHOR HARUN INANL.1
. DATE . SEPTEMBER 83 !
! LANGUAGE : FORTRAN 5 '
FUNCTION: ' THIS PROGRAM IS. USED TO FIND THE FILTER

v : ! OUTPUT BASED ON CONVOLUTION BY USING THE CASCADE
v , , ~ FILTER STRUCTURE THE NEGATIVE NUMBER 1S

. C DT REPERESENTED IN TWO’S COMPLEMENT. THEN SUMMATION
‘ ‘ IS CARRIED QUT "IN THIS NUMBER SYSTEM. TOO. ' 1
v r - THE QUTPUT VALUES IS STORED IN THE FILE.

' EACH COMPONENT IS THE SECOND DEGREE FILTER

BERE ki********t****************#*****************************_'*********

INTEGER QUTFILE(7), OUTF(7),0UTD(7)
INTEGER X(0:20, 140),H(0: 20, 140), PP (0: 20, 140), YC(O: 20, 140)
INTEGER P(0: 20, 140), SS(0: 20, 140), YY(O: 20, 140)
INTEGER IW.NC,CW.S,F,RF,RR, JB, JA, Q@
ACCEPT"BINERY COEFFICIEN FILE NAME : "
. READ(11, S0)0UTFILE(1)
53 FORMAT(515) -
. CALL OPEN(1,QUTFILE, 1, 1IER)" . , '
ﬁ READ(1, 50)CW
&0 FORMAT (20X, 15)
READ(1, 60)NC
DO 70 I=0., (NC-1) :
" READ(1,B80) (H(I,K), K=1, CW) '
70 CONTINUE '
80 FORMAT (12X, 140(1I1))
CALL CLOSE(1, IER)
IF(IER. NE. 1)TYPE"CLOSE FILE ERROR", IER
ACCEPT"BINERY INPUT FILE NAME : *
READ(11, 10)OUTFILE(1) :
10 FORMAT (S15) .
CALL OPEN(1, OUTFILE, 1, IER) .
IF(IER. NE. 1) TYPE"OPEN INPUT FILE ERROR : ", IER
READ(1,30) S !
30 FURMAT (20X, 15) ) , . :
'READ(1,30) IW ' !
ACCEPT "UNGQUANTIZED BINERY QUTPUT NAME : * -
READ(11, Y05)OUTF (1) _ \
909 FORMAT(S15»
CALL DFILW(OUTF, IER)
IFC(IER. EQ. 13)60 TO 906 ' .
IF(IER. NE. 1 )TYPE"DELETE FILE ERROR", IER
906  CALL CFILW(OUTF. 2, IER)
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b~
-‘.-
> :
SRR IF(IER. NE. 1) TYPE"CREATE FILE ERROR", IER
SN Y, CALL OPEN(2, QUTF, 3, IER)
7 - IF(IER. NE. 1) TYPE"OPEN FILE CRROR", IER
- WW=2%1IW
- WWH=2% LW+ L
o IWW=1W+1
o~ WWl=28IW+2
ox CWW=CW+1
- DO 400 1=0, {S-1)
. DO 410 K=1WW, WhW ‘
~ X(1, K)=0
s o XAt KI=0 . ,
s 410" CONTINUE '
‘s DO, 401 M=0, (NC—-%) . -~ T
IF(M.6T. 1)G0 TO 400 ) B
” DO 402 K=1, WWW+2 '
o : S5(M, K)=0’ ' _ . , ‘
2 402 . CONTINUE , : : .
- 401 CONTINUE * ,
o 400  CONTINUE
- DO 430 M=0, (NC—1) . .
o * DO 440 K=CWW, WWiW
o 449 H(M, K)=0 s
Xy 430  CONTINUE
o a0 FORMAT (12X, 140(11))
-0 e A R A4 B WA A 16T WA I A I I I I I A6 I I N 636 b 6 I I I I 6 I I W
; 5 ,
ok Gsb: { THE BEGINING OF CONVOLUTION FOR CASCADE FORM
- KF=0 :
412 J=0 y
= " IF(RF.EQ@. 0)60 TO 513 R
| IF(RF. 6T. (NC-3))C0O TO 929
. . ACCEPTYENTER THE NEXT SECOND ORDER SECTION : *
ol READ(11, 905)QUTF (1)
o CALL OPEN(2, QUTF, 1, IER)
- - IF(IER. NE. 1)TYPE “OPEN FILE ERROR", IER
- REWIND 2
. ACCEPT"NEXT SECOND ORDER QUTPUT FILE :*
-2 .. READ(11,10)0UTD(1) - . | -
e * CALL DFILW(OUTD, IER)
- IF(IER. EQ. 13)G0 TO S84 \
- - IF(IER. NE. 1)TYPE “"DELETE FILE ERRQR“.IER
o 584  CALL CFILW(OUTD, 2, IER) . o
. IF(IER. NE. 1)TYPE"CREATE FILE ERROR", IER _ ' ‘
. CALL OPEN(3, OUTD, 3, IER) ) :
e IF(IER. NE. 1)TYPE"OPEN FILE ERROR", IER"
e IF(RF. NE. (NC-3))G0 TO 5i3 o .
o WRITE(3, 915)IW .
e WRITE(3, 916)8 .
) S13  RR=0 .
OIS JB=0 ‘
. Y
SR 162




LV esanwnTHE BEGINING OF CONVOLUTION FOR SECOND® #4855 40161554 54050
ORDER DIRECT FORM

-
+33

436
435

UB=J

PO 435 J=JB, (JB+9) >

DO 436

KO=1, WW1

YY{J, K5)=0

YC(J

» KS)=0

CONT INUE

.CONTINUE
IF (RF. EQ.
IF (UB. EG.
IF (JUB. EQ.
JF(JB. EQ.
TYPE RR

IF (RR. EQ.
IF (RR. EQ.
IF (RR. EQ.
IF(RR. EQ.

CewwsrreTHE LOOP

t

|
+3

ned

DO 21 JA
READ(2
CONT INUE

' ’.
0)GD'TO 516
297)60 TO 523 ,
198)60Q° TO 523 .
99)e0 TQ 523 | ‘

400)G0 TO 458

300360 TO 458 »

200)60 TO 458

100)60 TO 458

21 1S USED TO READ THE OUTPUT OF THE###i#%
FIRST SECOND ORDER COMPONENT. THEN, 1IT

IS USED AS INPUT FOR NEXT COMPONENT

=RR, (RR+9) ' )
» 923, END=43, ERR=9292)QQ, (X (JA, K), K=1, WWW)

‘;inaffﬁpafsND OF LOOP Q1 %% 93963 6 36 38 36 36 36 9046 836 46 9696

316

i
4o/
20
41

4

GO TO 45

IF (JUB. EQ.
IF(JB. EQG.
IF(JB. EQ.

TYPE RR

IF(RR. EQ.
IF(RR. EQ.
IF(RR. EQG.
IF(RR. EQ.
onaeenttntTHE LOOP 20 IS USED TO READ INPUT#%# %605 4%

DO 20 JA
READ( |
CONTINUE

8

297)G0 TO 467
198)G0 TD 467
99160 TO 467

400)G0 TO 458
300)6Q TO 458
200)60 TO 458
100)60 TO 458

~RR, {RR+9)
» 40, END=41, ERR=929) (X (JA, K), K=1, IW)

-~

1 rerweant® b eEND OF LOOP  209% % % 55 % 346 3% 9% 46 3 3 3 536 46 396 3 9 %

408

RR=JA

DO 92t v
"IF(RF.
IF(J. 6
DO 110

. LL=Jd-M
IF(LL.LT. 0)60 TO 921

=JB, (JB+9) *
GT. (NC-1))GA TO 929

T. (8-1))60 TQ 932

M=0.2

IF(J. GE. (UB+9))GQ TA 433

163
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- DO 960 II=1, WWW+2
P(M, 1I)=0
S68(M, I11)=0
a0 CONTINUE
LawawninaraTHE LOOP 130 IS USED FOR BINERY MILTIPLICAT IORH#%%% k%%

2e
"'l {A

{

DO 130 R=2, CW
KR=CW-R+2
IF (H(M, KK). EQ. 1)G0 TO 150
121 DO 160 K=2, WWW o :
v KlsWWW-K+2
P(M, K1+1)=P (M, K1)
160 . ‘CONT INUE
© P(M» 2)=0 : ,
GO TO 130. -
150 DO 180 JJ=2, WWW
I I=WiW—JJ+2
P(M.II)=X(LL.II)+P(H.II)+SS(M.II)
IF(P(M, I1). LT. 2)60 TO 180
P(M, I1)=P(M, I11)-2 _
SS(M, I1-1)=1 : .
180 CONTINUE
IF(SS(M, 1). EQ. 0)60 TO 121
Tod DO 528 K=2, WWW
K1=WWW-K+2 . ; »
: P(M, K1+1)=P (M, K1) .
(j? &0 CONTINUE :
= P(M, 2)=1
GO TO 121
1.30 CONT INUE

:fﬁéfi**ﬁ*QEND OF LOOP 130% #4245 %364 %36 3% 34 %
DO 190 1I=2, WW

190 P(M, IX1)=P(M, II+1) . ’
IF(H(M, 1). EQ. X(LL, 1))G0 TO 240
P(M, 1)=1
GO TDO 250

240 P(M, 1)=0

kaf******THE BEGINING OF THE TNO S COMPLEMENT OF P #3659 3946 %
¢
250 IF(P(M,1). EQ. 0)60 TO 400
DO 610 11=2, WWW
IF(P(M, 11).EQ. 0)GO TO 620
P(M, I11)=0
60 TOQ 610 )
&20 P(M, 11)=1
610 CONT INUE
DO 602 II=1, WWh-1
' PP(M, I1)=0
SS(M, 11)=0
CONTINUE
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DO 819 I1I=1, WhWh-1
PP(J, 11)=0
88(J, 11)=0
819 CONT INVE

165
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ASE
A
s
I T PP (M, WWW)=1 T
b N S5 (M, WWW)=0
(. DO 403 II=2, WWW
- NS @ £ -
o P (M JU)=P (M JUI+PP (M, JJ) +5S (M JJ)
2 IF(P(M, UJ).LT. 2)60 TO 403
ol P (i, JU) =P (M) JU) -2
3 SS(M, JU-1)=1 ¢ ‘
603 CONT INUE : . f

N 600 DO 201 II=1, WWW ) '
ot JU=WWW-TI+L
-\ L PU(M, JUH1I=P (M, YD)

: 2ol CONTINUE

P(M, 1)=0

N Crenstnnntt#END OF THE TWO’S COMPLEMENT OF Paws#w#
e : DO 209 II=1, WWi1

o 209 SS(M, 11)=0

e DO 200 JJ=2, WWi
A LI=WW1-Ud+1

v YY (D, TI)=YY(J LI)+P (M, 11)+SS(M, 11)
N IF(YY(J, I1).LT. 2)60 TO 200 .
o~ YY(J ID=YY(J I -2 ‘
N 55(M, I1I-1)=1
Y 200 CONTINUE .
by g IF(SS(M, 1). EQ. 1)60 TO 781
o (ii IF(SS(M, 2). EQ. 1)60 TO 781
. 60 TO 184

N 731 DO 478 II=1, WWW"

-, ' JJU=WWW-TT+1
= ’ YY (Jr JUI+1)=YY (D, DU

— 579 CONTINUE

\ YY(J, 1)=0 . ‘ '

. 184 IF(M. EQ. 2)60 TO 798

2 IF(LL. EQ.0)GD TO 798

A IF(LL. 6T, J)GO TO 929

" G0 TO 110

: 798 DO 183 II=1,WWW .

183 YC(J, 11)=YY(J, 11+1) )

< IF(YC(J, 1). EQ. 060 TO 800

- DO 810 II=2, WWW
o IF(YC(J, 11). EQ. 0)6GO TO 820
. ' YC(W, II)=0
= G0 TO 810
L 20 YC(J, I1)=1
| $10 CONTINUE

‘‘‘‘‘‘‘‘‘‘‘‘‘‘
...........
...............
------

.....
----------
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g,

USRS PP (J, WWW) =1
H SS(J, WWW) =0

S . DO 829 11=2,WwWW
SN JUsHWW-~TT+2 5 ,
e YC (D JJI=YC s U +PP (Js ) +8S (s JJ)
A ' IF(YC(J, JJ). LT. 2)60 TO 829 . “ . ,
N *YC{Js JWI=YC (VU YU -2 : : ;
m ' J88(Js Ju-1)=1 S
o £29 CONTINVE _ ; ' o '
o 840 CONTINWE-- - - ST e e -
v ' 1F(RF.GT. 0)GO0 TD saa : " .
WRITE(2, 923)J, (YC{Js JJ) s JU=1, WWW) '
IF(J. EQ. (S-1))G0 TO &54 -
60 TO 932 .
&9 CALL CLOSE(2, IER) -

IF (1IER. NE. 1) TYPE"CLOSE FILE ERROR", IER
CALL CLOSE(1, IER)
IF (1ER. NE. 1) TYPE"CLOSE FILE ERROR", IER
{#wscnesEND OF THE' SECOND ORDER COMPONENT CONVOLUT ION®###%w%%%
GO TO 932
508 WRITE(3, 923)J, (YC(Js JU), Ju=1, Wk)
w32 IF(J. NE.S~1)60 TO 110
DO 934 Ju=1, CW
ey H(O, JJ)=H(RF+3, JJ)
’ H(1, JU)SH(RF+4, JJ)
H(2, JU)SH(RF+5, JJ)
934 CONT INUE
- RF=RF+3
G0 TO 412
110 " CONT INUE
921 CONTINUE
CALL CLOSE(3, IER)
IF(1ER. NE. 1) TYPE"CLOSE FILE ERROR“, 1ER .
CALL CLDSE(2, IER) o .
IF(IER.NE.I)TYPEﬁCLDSE FILE ERROR", IER , ' .

o END CONVOLOTION OF CASCADE FORM ‘ :

RwQﬂf:**Q****t*******?*****************************************
IS FORMAT (22X, I5)
914 FORMAT(1X, I3) :
210 FORMAT(4X, "I", 5X, "UNQUANTIZED QUTPUT")
w1y FORMAT(4X, *=", 5X, " - ")
923 FORMAT(1X, I4, 3X, 140¢I1))
P2y STOP
END

“ve
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e, USER'S MANUAL PROGRAM POUT

FILE:
DIRECTORY:
LANGUAGE:
DATE:
AUTHOR:

SUBJECT:

FUNCTION:

PROGRAM USE:

POUT

DP4 :OWEN
FORTRAN 5
September 19?3
Harun Inanli

Calculating the Parallel Form Digital
Filter Output Response

This program computes the parallel
form digital filter output response.
Each second-order section coefficients
and input signal values are taken from
two different files in binary. Then,
for each second-order section, they are
multiplied and added based on convolu-
tion. The addition is carried out in
two's complement., The input to all
second-order sections is the same.

The addition of all second-order sec-
tions will be the required output
response for the parallel form. This
response will be stored in binary.

The program is loaded by the following
command:

RLDR POUT @FLIB@

SUBROUTINE REQUIRED: None

FLOWGRAPH :
Type Figure
1, Two's Complement of Binary Number 26
2. Two's Complement Addition 28
3. Binary Multiplication 29
4, Shift-left and Shift-right Operator 30
5. FIR Parallel Form Structure 33
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EXECUTION OF THE PROGRAM AND ITS RESULTS:

POUT

BINARY COEFFICIENT FILE NAME: TC

FIRST SECOND ORDER FILTER OUTPUT: TO
BINARY INPUT FILE NAME: TI

BINARY INPUT FILE NAME: TI

NEXT SECOND ORDER OUTPUT FILE: TO1

FIRST SECOND ORDER FILTER OUTPUT: TO
ENTER THE FILE NAME FOR FIRST SECOND ORDER:
NEXT SECOND ORDER OUTPUT FILE: TO1

FIRST SECOND ORDER OUTPUT FILE: TO2

ENTER PARALLEL OUTPUT FILE STRUCTURE: PTO

The content of the file TC and TI in Appendix B

and the file TO in Program COUT are explained. The file

TO1l and TO2 have the similar type of data as the file TO.

The file PTO contains the output response of the parallel

form structure in binary.

PTO

000000001111011101101000000000000
000000100101100100000011100100000
000000110101000001101011100100000
000000110101000001101011100100000
000000110101000001101011100100000
000000100101100100000011100100000
000000001111011101101000000000000
000000000000000000000000000000000
000000000000000000000000000000000
000000000000000000000000000000000

QOO U WNEFLO
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y -

R o PROGRAM POUT
I c AUTHOR HARUN  TNeiNL 3
. C DATE : SEPTEMBER 83
" c LANGUAGE: FORTRAN 5  *
. C N
: < FUNCTION: THIS PROGRAM IS USED TO FIND THE FILTER
. C OUTPUT BASED ON CONVOLUTION BY USING THE PARALC
I o . FILTER STRUCTURE THE NEGATIVE NUMBER IS4
- C , REPERESENTED IN TWO’S COMPLEMENT. THEN SUMMATIO
“ v o 1S CARRIED QUT IN THIS NUMBER SYSTEM. TOQ.
N c T . THE QUTPUT VALUES 1S STORED IN THE FILE.
N c* - - EACH COMPONENT IS THE SECOND DEGREE FILTER
» C
C

£ 36 B 3635 96 58 35 e 3 4 S0 96 36 I 3630 I I 4F 5 35 36 3 30 3 I 6 36 30 38 J6 o8 36 3 0 I 36 S63F I 38 W 3000 6 35 I 34U 3 3 I 46 I I 36 36 JE 36 IE 55 5E 3

INTEGER OUTFILE(7), DUTF(7), DUTD(7), DUTA(7), DUTFM(7)
INTEGER X(O:20, 140), H(0: 20, 140), PP(0: 20, 140), YC(0: 20, 140)
INTEGER P(0:20, 140), S6(0: 20, 140), YY(0: 20, 140)
* INTEGER IW, NC,CW, S, F, RF, RR, JB, JA, QQ
Caawkans#BINERY FILTER COEFFICIENTS ARE READ BY T T —
o OF CHANNEL (1)
L9
ACCEPT"BINERY COEFFICIEN FILE NAME : *
READ(11, S0)OUTFILE(1)
50 FORMAT (515) '
CALL OPEN(!, QUTFILE, 1. IER)
READ(1, 60)CH .
60 FGRMAT (20X, I5)
READ( 1, 60)NC
DO 70 1=0, (NC-1)
70 READ(1, 80) (H(1,K), K=1, CW) '
80 FORMAT (12X, 140(11))
CALL CLOSE(1, IER)
IF(IER. NE. 1)TYPE"CLOSE FILE ERROR", IER .

FES
N,

O g pnitaidttCOEFF TC ITENT 8% 362596 9636 9 3 36 36 3 3 36 3636 35 3 44 36 %
10 FORMAT (S15)
30 FORMAT (20X, 15) N
Cﬁff*f»***FlRST‘SECUND ORDER FILTER OUTPUT IS*********
) STORED IN THE FILE DY MEANS OF :

CHANNEL (2)

o

e

ACCEPT "FIRST SECOND ORDER FILTER OQUTPUT :@ *“
READ(11, 205)0UTF (1)

P05 FORMAT(S15)
CALL DFILW(OUTF, 1IER)
IF(IER. EQ. 1360 TO 906
IF(1ER. NE. 1) TYPE"DELETE FILE ERROR", IER
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906 CALL CFILW(OUTF, 2, 1ER) T o
IF(IER. NE. 1) TYPE"CREATE FILE ERROR", IER
CALL. OPEN(2., QUTF, 3, IER)
IF(1ER. NE. 1 )TYPE"OPEN FILE ERROR", IER
: RF=0 .o o
Cunuun#sTHE INPUT TO THE FILTER 1S READ FROM#%##%%%%
< . " THE FILE BY MEANS OF CHANNEL (1)
c . . ,
412 'ACCEPT"BINERY INPUT FILE NAME : % A '
READ(11, 10)QUTFILE(1) :
CALL OPEN(1, QUTFILE, 1, IER) '
IF(IER. NE. 1)TYPE “OPEN FILE ERROR"“, IER
1F (RF. EQ. 0)80 TO 578
REWIND 1 ' '
578 READ(1,30)S
READ(1, 30)IW 2
WW=2%TW
WWW=2% I W+1
1WW=TW+1
WW1=2%TW+2
CWW=Cl+1
DO 400 1=0, (§-1)
DO 410 K=IWW, Wl
X(1,K)=0 ‘
XA(I, K)=0 : : *
410 CONT INUE: .
DO 401 M=0, (NC~1)
IF(M. GT. 1)60 TO 400 )
DO 402 K=1, WWW+2 '

S8(M, K)=0
402 CONTINUE
401 CONTINUE

400 CONTINUE
DO 430 M=0, (NC-1)
DO 440 R=CWW, WWW

440 H(M, K)=0 "~ . *
430 CONT INUE , .
40 FORMAT (12X, 140(11)) : -

[ **ﬂ'l’l’.ﬂ'## W56 3 A F P JF W S 6 F AW N AW I I I I W $E 3 3 T A T WA K I I I I

THE BEGINING OF CONVOLUTION FOR EACH SECOND
ORDER FILTER °

J=0
IF(RF. EQ. O0)eQ TQ 513
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snwexwwtNEXT SECOND ORDER FILTER OUTPUT IS STORED IN THE s#4## %
FILE BY MEANS OF CHANNEL(3)

DO

ACCEPT “NEXT SECOND ORDER OUTPUT FILE : *
READ(11, 10)0UTD(1)
CALL DFILW(OUTD, IER)
IF(IER. EQ. 13)60 TO 584
~ IF(IER. NE. 1)TYPE "DELETE FILE ERROR". IER
584  CALL CFILW(OUTD. 2, IER)
: IF (1IER. NE. 1) TYPE"CREATE FILE ERROR", 1ER '
CALL OPEN(3, 0UTD, 3, IER)
IF (IER. NE. 1) TYPE"OPEN FILE ERROR", IER
513 RR=0 .
JB=0
433  JB=J
DO 435 J=JB, (JB+9) !
. DO 436 K5=1, WWi
YY (J K5)=0
, YC(J, KH)=0
434 CONTINUE
435  CONTINUE . .
AN 1IF(JB. EQ. 297)60 TO 467
e IF(JUB. EQ. 198)60 TO 4647
oo IF(JB.EQ. 99)G0 TO 447
F @ IF(RR. EQ. 400)60 TO 458
o ad IF(RR. EQ. 300)60 TO 458
- IF(RR. EQ. 200)G0 TO 458
e IF(RR. EQ. 100)60 TO 458

u CuenwsninttTHE LDOP 20 IS USED TO READ INPUT #3344 49 4 4
- c

467 DO 20 JA= =RR, (RR+%) -
. 20 READ(1, 40»END=41:ERR=929)(X(JA»K) KﬂloIN) "
T 41  CONTINUE
20N c
e CHRRENRRRNREND OF LOOP 20MMERSEENEIEREREESREARR R "
i 458~ RR=JA .
i DO 921 J=JB, (JB+9)
N IF(RF. GT. (NC-1))G0 TO 196
> _ IF(J. GT. (S~1))G0O TO 932 .
Yo ! DU 110 M=Q, 2 : .
N LL=J-M

IF(LL.LT. 0)G0 TO 921
IF(J. GE. (UB+9))G0 TO 433

e DO 960 II=1, WWW#2

- ' P(M, 11)=0 :

- SS(M, 11)=0 -
< 960 CONTINUE o

'y ' H
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CunktinnitTHE BEGINING OF THE TWO’S COMPLEMENT OF P***#***** .t

Chewsnaaeast THE LOOP 130 IS USED FOR BINERY MILTIPLICATION®®E%%ESE#%
DO 130 R=2,CW
KK=CW-R+2
IF(H(M, KK). EQ. 1)G0 TO 150
21 DO 150 K=2, WWW
K1=WWW—K+2 :
§ P(M, K1+1)=P(M. K1) 4
160 CONTINUE s
. P{M, 2)=0 "
€0 TO 130
150 DO 180 JJ=2, WWW
. II—NNN-JJ+2
P(Noll)—X(LLoII)+P(M;II)+SS(H:II) .
IF(P(M, 11).LT. 2)C0 TO 180
P(M, I1)=P(M, I1)-2
| SS<M, I1-1)=1
180 CONTINUE
. IF(SS(M, 1). EQ. 0)GO TD 121
764 DO 528 K=2, WWiW
- Ki=WWW-K+2
r(": Ki+1)=P (M, K1)
9528 CONTINUE
P(M, 2)=1
60 TO 121
130 CONTINUE

-

C
Coswnnnnt e #END OF LOOP L30H #8543 5 3 3t 4 T
\ DO 190 11=2,WW
190 ' P(M, I1)=P(M, I1+1)
IF(H(M, 1). EQ. X¢(LL, 1))G0 TO 240
P(M, 1)=1
G0 TO 250
240 © P(M, 1)=0

b
2%0 . IF(P(M,1).BQ.0)G0 TO 500 ¢
DO 610 11=2, WWW
IF{(P(M, 11). EQG. 0)G0 TO 620
P(M, I1)=0
G0 TO 610 .
&20 P(M II)=1
610 CONTINUE
DO 602 II=1, WWW-1 ’
PP(M, 11)=0
SS(M, 11)=0 '
602 CONTINUE X )
PP (M, WWk) =1 .
SS (M, WWW)=0
DO 603 11=2, WWW
JI=WHN-11+2 .
P (M, JUI=P (M, JU) +PP (M, JJ) +8S (M, JU)
IF(P(M, JU).LT. 2)G0 TO 603 " .
P(M, JUY=P (M, JJ) =2 , ) ] S
SS(M, JJ-1):=1 ’
&03 CONT INUE
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600 DO 201 II=1,WWW - .
JU=WWW-TT+1
P UM, JU+1)=P (M, JJ)

201 CONTINUE
P(M, 1)=0
C
Crunnununit®END OF THE TWO’S COMPLEMENT OF Pt s ,
c . :

CennwnttTHIS PART IS USED FOR BINERY ADDITTION %4855 3854 %%
C '
DO 209 II=1.,4WWl
209 8S(M, I1)=0
DA 200 JJ=2, Wil
I I=sWh1—-JJU+1 :
YYD ID)=YY(J ID)+P{M, 11)+8S(M, I1)
IF(YY(J, I1).LT. 2)60 TO 200
YY(Js 11)=YYL(D, 112
- S5(M, 1I-1)=1
200 CONT INUE
IF(SS(M, 1). EQ. 1)60 TO 781
IF(SS{(M, 2). EQ. 1)c0 TO 781
60 TO 184
781 90.678 II=1, WWW
JIJ=WWW-TI+1 .
YY (Js IWJII+1)=YY (U, JJJ)

& k)

‘3'

&78 CONTINUE
. YY(J: L)= . .
C .
Cantn itk ADD T T T ONEI 9203090 W3 3 30 3 303030 3 30 30 0260 103096 36 .
184 : IF(M. EQ. 2)60 TO 798 : . .
) IF(LL. EG. 0)C0 TO 798 '
G0 TO 110
798 DO 183 1I=1, WWW
183 - YC(J, I12=YY(J, TI+1) '
IF(YC(J, 1). EQ: 0)GO TOQ 800 .
DO 810 II=2, WWW £
IF(YC(J, 11). EQ. 0)GO TO 820
' YC(J, 11)=0
GO TO 810
820 YC(J, 11)=1
810 CONT INUE '
DO 819 II=1, WWW-1 . .
PP{J, 11)=0
§8(J, 11)=0
819 CONT INVE $

PP (U, WWW) =1
SS(J, WWW) =0
DO 829 I1I=2, WwWW
NRENTES § &2
YC tJs JUI=YC LD, ) +PF (Js JJ) 485 (Js JJ)
IF(YC(J, JJ).LT. 2)60 TO 829
YC (U JJI=YC (Y JJI -2
. 88, JJ-1)=1 , '
829 CONTINUE ~
800 " CONTINUE
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N IF(RF.GT. 0)G0 TO 588
e el WRITE(2, 923)J, (YC(J, JJ), JJU=1, WWW)
SRR IF(J. EQ. (S-1))60 TO 654
G0 TO 932
&54 . CALL CLOSE(2, IER) .
IF(IER. NE. 1)TYPE"CLOSE FILE ERROR“ 1ER *

c .
C*********NRITTEN 18 CDMPLETED_FDR FIRST SECDND DRDER FILTER********
CALL CLOSE(1, IER) -

' . IF(IER NE I)TYPE“CLDSE FILE ERRDR“:IER .
c

Couenn®ewtREAD 18 COMPLETED FDR INPUT TO THE FILTER*******
60 TO 932
588 WRITE (3, 923)J, (YC{J: JJ), JJ=1, WWW)
’ IF(J. EG. {(S~1))C0 TO 359
932 - IF{(J. NE. S-1)60 TO 110

DO 934 JJ=1,CW
H{O, JJ)=H(RF+3, JJ)
H{1, JJ)=H(RF+4, JJ)
H(2, JJI=H(RF+3, JJ)

934 CONTINUE
RF=RF+3
IF(RF.GT.3)G0 TO 196 '
. 60 TO 412 ﬂ
110 CONTINUE

921  CONTINUE : )
359  CALL CLOSE(3, IER)

1F (1ER. NE. 1)TYPE*CLOSE FILE ERROR", IER
c

CrenrnannrettWRITTEN 1S5 COMPLETED FOR SECOND SECDND ORDER FILTER®# ks

5 Co 0y O)

END OF CONVOLOTION OF EACH SECOND ORDER FILTER

p&#****i**f**************************#**************************
215 FORMAT(2X,15)
216 FORMAT(1X, I5)
210 FORMAT (4X, "1", 5x."UNQUANTIZED DUTPUT"
911 FORMAT (4X, =", 5X, " "y
223 FQRHAT(IX.I4.3X;140(11))
ConnuwnexF IRST SECOND ORDER FILTER OQUTPUT 1S READ#w###%#
FROM THE FILE BY MEANS OF - »
CHANNEL (2)

aoon

196 ACCEPT"FIRST SECOND ORDER FILTER OUTPUT : *
READ(11, 905)0UTFILE(1)
CALL OPEN(2, QUTFILE, 1, IER)
IF(IER. NE. 1)TYPE"OPEN FILE ERROR", IER
- REWIND 2 .
ACCEPT"ENTER THE FILE NAME FOR FIRST SECOND ORDER : *
READ(11, 10)OUTFM(1)
CALL DFILW(OUTFM, IER)
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384

312

221
354

IF(IER. EQ. 13)G0 TO 386 T TTre—
IF (IER. ME. 1) TYPE"DELETE FILE ERROR", IER

CALL CFILW(QUTFM, 2, IER)

IF(IER. NE. 1) TYPE"CREATE FILE ERROR", IER

CALL OPEN(&, QUTFM, 3, IER)

IF(IER. NE. 1) TYPE “OPEN FILE ERROR", IER

@@=0 - . .

J=0

JA=0

RR=0 -

JB=0 ; :

IF (JB. EQ..0)G0 TO 354, .
JB=Jsy * |
RR=UA

IF(GQ. NE. 0760 TO 316

Crrarndtene®THE LOOP 192 IS USED TO READ THE FIRST SECOND:## %% 4%

c
c

213

192
193

-

o

ORDER QUTPUT

DO 192 JA=RR, (RR+9)
DO 213 JJ=1, WWW
YY (JA, W) =0
READ(2, 923, END=193, ERR=929)J, (YY (JA, K3), KS=1, WWW)
CONT INUE
CONTINUE )

CastiieuitittEND OF LOOP 1 924045 35969 45 96 366 96 3 96 3 96 96 35 46 38 9% 9 96 38 46 3 % .

219
214

316

DO 214 JL=JB, (JB+9)
DO 215 Ju=1, WWW
. YC (JL, JU)Y=0 ,
h SS(JL, JJI=0 -
CONTINUE :
CONTINUE ,
60 TO 313

IF(J. CE. 9)60 TO 344

ConxpuanwnTHE OUTPUT OF THE NEXT SECOND ORDER FILTER #4858 95 04 % %

SO0

» IS READ FROM THE FILE BY MEANS OF
CHANNEL.(3)

ACCEPT"NEXT SECDND ORDER OUTPUT FILE : "
READ(11, tO)OUTD(1) -

CALL OPEN(3,0UTD, 1, IER)

IF(IER. NE. 1)TYPE"OPEN FILE ERROR" IER
REWIND 3

CosennunnnrtdTHE OUTPUT OF THE FIRST SECOND QORDER FILTER##%#%% %% %%

C
c

IS READ FROM THE FILE BY MEANS OF
CHANNEL (6)
ACCEPT"FIRST SECOND ORDER QUTPUT FILE : *
READ(11, 905)0UTFM(1)
CALL OPEN{(&, QUTFM, 1, IER)
IF{IER. NE. 1)TYPE"OPEN FILE ERROR"“, IER
REWIND 6
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R CwwransssTHE OUTPUT OF THE PARALLEL STRUCTURE FILTER 1SWid# ks ksssn
SN 2 WRITTEN TO THE FILLE BY MEANS OF
e < CHANNEL (5)
jl ACCEPT"ENTER PARALEL OUTPUT FILE STRUCTURE : *
READ(11, 905)0UTA(L)
T CALL DFILW(DUTA, IER)
o IF(IER. EQ. 13)60 TO 365 “

o - IFCIER. NE. 1)TYPE "DELETE FILE ERROR", IER
N 365 CALL CFILW(OUTA, 2, IER)
'l IFCIER. NE. 1)TYPE"CREATE. FILE ERROR", IER

R CALL OPEN(S5, QUTA, 3, IER) R ‘
e " IF(IER. NE. 1)TYPE"OPEN FILE ERROR", IER o
CrwennntueuTHE LOOP 323 1S USED TO READ THE F IRST## &##%% k%%

c ‘ AND SECOND" ORDER QUTPUT FILTER °

C

304 DO 323 JA=RR, (RR+%)
- DO 3866 JJ=1., WWW

Jeb YY (JA, JJ)=0
IF{JA. 6T. {(S-1))60 TO 92%
READ(3, 923, END=324, ERR=929)J, (YY (JA, K9), K9=1, WWW)
READ (&, 223, END=324, ERR=92%)J, (YC(JA, KKS), KK5=1, WWW)

323 CONTINVE '

324 CONTINUE

Cokmrnaest#END OF LOOP 32349 #9346 30403 3 4 3
DO 314 J=JB, (JB+9)
DO 3195 JJ=1, WWW
315 SS(J, JJ)=0
314 CONTINUE '
313 DO 194 J=JB, (JB+9) .
"DO 199 K=2, WWW
JJ=WWW-R+1
YC(J, JJI=YC (U, JUI+YY (L ) #6581, JJ)
IF(YC(H JUD).LT. 2)60 TO 195 !
YC(J.JJ)=YC(J,J9)*2
SS(J, JU-1)=1 _ '
195 CONTINUE .
IF(S8S8(J,1). EQ. 1)GD TOQ 214
» IF(SS(U, 2). EQ. 1)60 TO 216
. Ga TO 217 ‘
216 DO 218 JJ=1., WWW
I I=sWWW—JJ+1
YC(J.II+1)=YC(J.II)

218 CONTINUE
217 IF(QQ. EQ. 0)60 TD 369
WRITE(S, 923)J, (YC(J, JJ), JU=1, WWW)
G0 TO 386
369 WRITE(S, 923)J, (YC (J) JU) s JJ=1, WWW)
388 IF(J. GE. (8-11)G0 TO 3it

IF(J. GE. (UB+9))60 TO 22!
194 CONTINUE
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S JA=0
. CALL CLUSE (&, IER)
! lF(IER.NE.;)TYPE”CLDSE FILE ERROR", IER
E v WRITTEN OF THE FIRST SECOND ORDER FILTER
}- SR AL 2 2T 2L R S £ CDMPLETED***************
o 1IF(QG. CE. 2)60 YO 373
v GO TO 312
N 373 CALL CLOSE(S5, IER) : g ,
- ) IF(IER NE. 1)TYPE *CLOSE FILE ERROR".IER '
;‘:‘ .
- < WRITTEN OF THE PARALLEL FILTER DUTPUT ’ .
PR 2 2 2 IO TRy CDMPLETED**********************
P39 STOP \
END . ?
3
-

ﬂ-
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?:3 I USER'S MANUAL PROGRAM NES
o ‘.-"
(.
S FILE: TNES
o DIRECTORY : DP4 : OWEN
- LANGUAGE: FORTRAN 5
‘;& DATE : September 1983
\':-'.
e AUTHOR: : Harun Inanli
e SUBJECT: Calculating the Nested Filter Output
= _ Response.
1O
SR FUNCTION: This program is used to calculate the
‘L- nested filter output response based on
:i the equation below:
o Y(N) = H(0)(X(N) + H(1)(X(N-1)
::w:: + oo e + H(M)X(N"M)).oo)
( ‘ @ where N and M = number of input and
- coefficient, respectively; Y = output;
o~ X = input; and H = coefficient.

S The filter coefficients and inputs are
-3 -3ken from two different files. The

) necessary addition is carried out in
) two's complement. Then, the output

;q will be stored in binary.
N
jQ PROGRAM USE: The program is loaded by the following
s command :
3 RLDR TNES @FLIB@

N SUBROUTINE REQUIRED: None
- FLOWGRAPH :
N2
;; Type Figure
;% 1. Two's Complement of Binary Numbers 26
. 2. Two's Complement Addition 28
S 3. Binary Multiplication 29

) 4, Shift-left and Shift-right 30
(SRS 5. FIR Nested Form Structure ‘ 34
,:‘ ."_:.'_s
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EXECUTION OF THE PROGRAM AND ITS RESULTS:

TNES

NESTED STRUCTURE BINARY COEFFICIENT FILE NAME: NC

BINARY INPUT FILE NAME: TI

UNQUANTIZE BINARY OUTPUT NAME FOR NS: NO

The contents of the file TI in Appendix B is

explained. The file NC which has very similar data to the
file TC explained before, represents the nested filter
coefficients in binary. The file NO, representing the

Nested filter output response, has also the similar data

explained in Program TO.
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¥ _:: ket i*’*ﬁ-*****i**i*****************************************i**
C A
o 3;, . PROGRAM : NES .
- - AUTHOR HARUN INANLI
. < DATE : SEPTEMBER 83
e < LANGUAGE: FORTRAN 5
- C FUNCTION:, THIS PROGRAM IS USED TO CALCULATE THE NESTED
. . i FILTER OUTPUT IN BINERY. THE INPUTS TO THIS
B < : PROCRAM ARE TAKEN FROM THE FILES. THEY CONTAIN :
_ C _ NESTED STRUCTURE COEFFICIENTS AND INPUT VALUES
e ¢ , IN BINERY THE OQUTPUT OF THE NESTED STRUCTURE IS
= o STORED IN THE FILE IN BINERY SUCH THAT WORD LENGT]
:ﬁ < OF THE 'OUTPUT TWO TIMES BIGGER THEN THE WORD
= C LENGTH OF THE INPUT. .
- K X Q*i*********~I-**ilﬂl**i******l***********i***i*l******i****i****#**ii**
%S INTEGER OUTFILE(7), OUTF(7), XX{(20, 140), Y(20, 140), X1(20, 140)
r INTEGER X(20, 140), H(20, 140), P(20, 140), SS5(20, 140), PP (20, 140)
- INTEGER IW,NC,CW, S, I, J1, R, K, 11, KKK, F, Q, IA, IB, IC, WW1l, CWW
i .»a4xu##THIE PART 1S USED TO READ THE NESTED STRUCTURE S #4544 s 465
: z COEFFICIENT.
T ACCEPT"NESTED STRUCTURE BINERY COEFFICIEN FILE NAME : *
- READ(11, SO)OUTFILE(1) , .
. 50 FORMAT (S515)
e CALL OPEN(1, DUTFILE, 1, IER)
(ib READ (1, 40)NC ' o
- . " READ(1, 40)CW : . ’ '
= &0 FORMAT (5X, 14) = ‘
v DO 200 1J=0, (NC-1) : , :
Al DO 201 JJ=1, (2#CU+1) ‘
el 201 H(IJ, JJ)=0 _ : ,
200 CONTINUE ‘
1=0
‘ DO 70 1=0, (NC-1) .
70 READ(1,80)(Q, (H(I,K), K=1,CW))
&0 FDRHAT(IX.I4.10x.140(11))
‘ CALL CLOSE(1, IER)
- IF(1ER. NE. 1) TYPE"CLOSE FILE ERROR", IER
« {,
"y CennnnnuetNESTED COEFFIC IENT***{*************Q*“*
o\ iy
0 L e 4w w##CHANNEL (1) 1S USED TO READ THE INPUT###%%##%
. ¢ FROM THE FILE
- C
Al ACCEPT"BINERY INPUT FILE NAME : *
- * READ(11, 10)OUTFILE(1)
oy 10 FORMAT(S15) -
-~ CALL OPEN(1, QUTFILE. 1, IER)
- IF(IER. NE. 1)TYPE"OPEN INPUT FILE ERRDR : ", IER
= READ(1,30) 8
« 10 FORMAT (20X, 15)
A READ(1, 30) 1w
. . A L .
' : 180
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siy rres e RCHANNEL (1) UNDER THE NAME OF OQUTF IS USED TU WRITE#%## 6% nus
e THE QUTPUT VALUES

ACCEPT"UNQUANTIZED BINERY OUTPUT NAME FOR NS : "
READ(11, 100)00TF (1)
100 FORMAT(S15)
CALL DFILW(OUTF, 1ER) -
IF(1ER. EQ. 13)G0 TO 101 : -
IF(IER. NE. {)TYPE"DELETE FILE ERROR", IER
tv!  CALL CFILMWCOUTF. 2, IER)
IF(IER. NE. 1) TYPE“CREATE FILE ERROR", IER
.»CALL OPEN(2, OUTF. 3, 1ER) A
IF(IER. NE. 1)TYPE"OPEN FILE ERROR“.IER
WRITE(2, 980) 1W
WRITE(Q, 961)8
750  FORMAT(2X, 15)
541 FORMAT(1X, I5)
WW=2#IW
WWW=2%TW+1
1WW=IWe¢1
WW1=2%IW+2
CWW=CW+1
1B=0
1A=0
a 1C=0 *
- K=0 ] A '
(33_,ﬂ«¢¢*'*THE LOGP 400 IS USED TO FIND THE OUTPUT #8355 ¥4 %%
. .. FOR EACH SAMPLE ’ 4

400 (=R’ ’ ' ' v :
IF(I. EG. 3640)C0 TO 434 *
IFC(I.EQ. 30060 TO 434 '
IF(1. EQ. 240)60 TO 434 '

IF(1. EQ. 180)G0 TO 434
IF(1.EQ. 12060 TO 434
IF(I. EQ. 60)G0 TO 434
IF(IA. EQ. 36060 TO 433 ) s
IF(1IA. EQ. 300)G0 TO 433
IF(IA. EQ. 240)80 TO 433, , *
IF(1A.EQ. 180)60 TO 433
IF(IA. EQ. {20)60 TQ 433
IF(1A. . EQ. 40)G0O TO 433
CanventtTHE LOOP 20 IS USED TO READ THE INPUT 4% %8048 4% %%
C ) 10 AT A TIME

454 DO 20 J=IA, (1A+9)

29 READ (1, 40, END=41) I1X{, KK), KK=1, IW)

41 CONTINUE '

:wwa***END OF LOOP 20 %95 96 9963 3 3 4 9% 4 96 45 3¢ 3% 3 95 96 3 96 % 3

R |
X

a0

50y
‘-‘)
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. s -wewnenaenTHIS PART IS USED TO FIND THE Y(O)*************
e N

=' e 433 1F(IB.EQ. 1)G0 TO 412

DO 35& JJ=(IW+1), WWW-

o J54 X (0, JWJ)=0 ¥ .
a3 DO 413 JUJ=1, WWW

o Y(0, JJ)=0

N 58(0, JJI=0 : : .. :
2% 413  CONTINUE . _ ' . . '
) DO 414 N=2,CW X

N  KK=CW-N+2 - . . ]
L IF(H(0, KK). EQ. 1)60 TO 415 '

i 418 DO 416 JJ=2, WWUW

o K1=WWW-K+2

' . . YU0, K1+1)=Y(O0, K1)

416 CONTINUE

NS Y(0, 2)=0 ) ‘
0 G0 TO 414 ,
(‘: 415 DO 417 JJ=2, WWW .

-~ W= WWW-JJ+2

. V(o.JJJ)-V(o.JJu>+SS(o.uau)+x(o.dud)

- IF(Y(0, JJJ). LT. 2)G0 TO 417
N Y (0, JU =Y (0, ') =2
o §S(0, JJ~-1)=}
.. +17 o CONTINUVE
B>y IF(SS(0, 1). EG. 0G0 TO 418 '

& DO 419 K=2, WWW
K1=Whl~-K+2

o Y0, K1+1)=Y (O, K1)
e 319 CONTINUE
R | Y(0, 2)=1

- G0 10 418 . .

* 414  CONTINUE ' '

A NRITE(2.923)O.(Y(O.JJ).JJ=1.HNH)

) 1B=1

- ¢

A Crenuugny(0) IS NRITTEN INTO THE FILEQ**Q*'“***Q*****“***
~ 412 1A=y
- \.»***i**ﬁ*‘rﬂs LOOP 401 IS USED TQ FIND THE OUTPUTG**********
X < |9 AT A TIME

2 C ’ . .
e DO 401.R=1, (I+9)
105 IF(R. EQ. 8)¢0 TO 500 ' ‘

o IF(R. EQ. IA)G0 TO 400 N
-~ DO 501 L=1, WW1l .

- XX(R, L)=0 * -

-3 301 CONTINUE )

o IF(R. CT. (NC-1))G0 TO 310

' KKK:=R

! F=0
- GO TO 312
:{7‘ 3D KKK =NC

e o \5!' . F=R-NC

g
[N
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AL

' vy -~y - g
W e & A2 vk i ok Y Wi o BeaCRA A AR 4 BRI R ik b St
i

AR I

ol HE DO 355 JJ=CIW+1), Wel
N 5uY . KGR, UI=0
P DO 778 JJu=1, Wik
7y X1 (R, JJI=X (R, JU)
1C=11
IF(R. GE. (1+9))60 TO 400

LA

¢ , 1 AT A TIME.

‘.

iy WA

DO 110 II=F, F+NC-1 t
IF CKKK. OT. (NC-1)160 TO 244
J1=KKK-T1
0 TO 449
444 J1=R-11
449 IF(J1. LE. 0)GO TO 401
IF{J1. GE. NC)GO TO 110
DO 560 JUsIWW, Wk
560 H(J1, JJI=0
DO 111 JJ=1, WWW
* SS(II, JJ)=0
PCITL JJ)=Q
Lt CONTINUE

ot a e & A

FAr AL

u

DO 112 Ne2, WWW
KK=Wd—N+2 '
: TF (H(J1. KK). EG. 1)60 TO 113
9 s DO 114 Ke2, WWW
' . K1 =WW-K+2
PCIT, K1+1)=P (11, K1)
B 114 CONTINUE
P(I1,2)=0
) . ' @0 TO 112
113 DO 115 JU=2, Wik
il -+ 2

AR, y

o

a—a
»

¢ 3 W

IF(P(IL, JJJ). LT. 2)60 TO 115
P(II.JJJ)=P(II.JJJ)—2
JS‘II:JJJ-I)'l
Lid *. CUNTINUE.
IF(SSM 11, 1).EQ.0)60 TO 116
DO 900 K=2, WWW ‘

K Lslin—K+2

P(II, Ki1+1)=P(I1, K1) '

s

aasa

PC(I1,2)=1 T
. @0 TO, 116
) 112 CONTINUE .

f L a

900 » " CONTINUE , .

L*w*ti***THh LOOP 110 1IS USED TO FIND THE OUTPUT##%% %% %%

PCIL, JUI=P(II, JUJ) XTI, JUJI+SS{I1, YD)

CeernsnenseTHE LOOP 112 1S USED FOR BINERY MULTIPLICATION*********

A

v .wn»f¢§¢f§END OF - LLOOP 1 1284505040 500000 40 40 2030 45 336 3036 38 30 30053690 3030 309526 36 90 3 36 3098 30 9036 38 36 38

, DO 669 JJ=2, Wik
. Y P(IL1, JWISPLIL, JU+1)
Y IF(H(J1, 1). EQ. X1(11,1))¢0 TO 118
"o P(IL, 1)=1
" ¢Q TO 119
> (18 P(I1,1)=0
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LswstetnasnssTHE BEGINING OF THE TWO'S COMPLEMENT OF P#xurss

Wi IF(P(II,1).EQ. 0)CO TO 120
: DO 121 JU=2, WWW
CIF(P(IL, JJ).EQ.0)G0 TQ 122
PCIX, JJ)=0 .
CO TO 121 .
N~ P(IT, JN) =1
151 CONTINUE
DO 130 JJ=1, WWW-1
-~ PP(I1,JJ)=0
b SS(I1, uN=0 = '
s 150 CONTINUVE ’ .
Pele PP (II, W) =1
) SS(I11, WWW)=0
DA 131 JJ=2, Wl
_— JIUWHW~JJ+2
Ekh P(II.JJJ)=P(II.JJJ)+PP(II.JJJ)*SS(II.JJJ)
k¢ IF(P(II, JJUJ).LT. 2)6G0 TO 131
e PUITJUNI=PLIL, JJUJ) -2
glf SS(I1, JuJ=1)=1
v 131 CONTINUE
.) ConsnanntttttTWO’'S COMPLEMENT OF P53 8 330300 3036 0 309036 309600 3 30-3 -3¢
o3 C . ;
i+ CersarnwtnrtttTHE BEGINING OF THE TWO'S COMPLEMENT OF X#####%xn
Gi: 120 IF(X1¢I1+1,1). EG. 0)e0 TO 123
ol =) DO 124 Ju=2, WWW
o IF(X1(II+1, JJ). EQG. 0)CO TO 126 . d
Y X1(II¢1, JJ)=0 ' '
o cO TO 124
T 126 BRIES SS RV NIT
, 124 CONTINUE ' .
W84 DO 135 JJ=1, WWW-1 ‘
£ PP(IT, W)=0
Y0% S5( 11, JJ)=0
Y 155 CONTINUE
o PPCIT, Whl) =1 .
; SS( 11, WWK)=0
i DO 136 JI=2, WwW .
AN NNNZ RN NS )
o~ X1¢IT+1, JUJI=X1¢II%1, JUSI+PP (LI, JJJ)+SS(II NNN}
e, IF(X1111+1, JUWJ). LT. 2)60 TO 136
‘ X111+, JUN=XL(TII+L, JUJ) =2
- SS(11,JJ-1)=1
0N 136 * CONTINUE
DN % .
:':-: CranuttnttttTW0’S COMPLEMENT OF X945 0543 560 38 96 46 4096 3 46989
NN 122 DO 137 JJ=1, WWW '
e NNNE T ENN TS
- X1CII+1, JUJ+1)=X1(IT+1, JUD)
TS By CONTINUE
f& \‘&V A1{IT1+1, 1)=0
g%
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CenrennnntntTHE BEGINING OF THE TWO’S COMPLEMENT ADDIT ION 4% 444

S DO 138 Ju=1, WWl
.50 SS(11, JJ)=0
DO 140 JJ=2, Wl
JIJ=WW1 -JJ+1
XXCRs JUUISXLCTT+1, JUD +P (L, JUSI+SSIIT, JI)
IF(XX(R, JUJ).LT. 2)G0 TO 140 . . "
. XX AR JU) XX (Rs JIJ) -2 ‘
SS(IIyJ-1)=1 ' ’ ,
140 ~ CONTINUE ¢
IF(SS(11,1).EQ. 1)60 TO 949 :
IF(SS(11,2).EQ. 1360 TO 949 -y
‘DO 948 JJu=1,WWW - :
948 . XXARs JUIBXX(R, JJ+1)
949 IF(XX(R,1). EQ. 0)60 TO &78 *
DO 148 JJ=2, WWi
IF(XX(R, JJ). EG. 0)60 TO 149
XX (R, JJ)=0 |

G0 TO 148
149 XX C(Rs JUI=1
148 CONTINUE

DO 150 JJ=1’ WWW=-1
PP (R, JJ)=0
SS(R, JJ)=0
150 CONT INUE
.- PP (R, WWW)=1
u S5(R. Wiik) =0
DO 151 JJ=2, WWW
SN =JJI+2
) XX (Rs JUJ) XX (RS JUJ) +PP (R, JUJ) +SS (R, JUJ)
IF(XX(R, JUU).LT. 2) 60 TO 151
XX (Rs JUJ) =XX ARy JIJ) -2
SS(R, JUJ~1)=1 : : )
151 CONT INUE . :
. . :
CownnntnttttTWO 'S COMPLEMENT ADDIT ION M 89096464038 9595363630 0 39 36900600 5038 3
678 DO 743 Ju=1, WWh .
743 X1(II+1, I =XXL{R, JJ)
DO 695 Ju=1, WWW *. o
v £99 XX (R, JJ)=0
- IF(I11. EQ. (R-1))60 TO 153
G0 TO 110 : , ’
153 DO 610 JJ=1, WWi '
. ) - Y(R. JJ)=0 : .
.+ SS(R,JU)=0 : ’
3 =10 CONT INVE
Py ) DO 600 N=2, CW
\ ‘ T KK=CW-N+2 .
IF(H(O, KK). EQ. 1)60 TO 401
W 404 DO 602 K=2, WWw :
- KimWhW-K+2 ”
DGR Y(R, K1+1)=Y(R, K1)
2 o Lo CONTINUE
,
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v AR A RA s AN o SieC L WL Ls .

l‘ ’ .
el
.\’v! . - R e —— -
ARSI Y (R, 2)=0
SN CO TQ 400 ‘ : R

el 0O 403 JJU=2, WhW '
e . VNN N RN N
e - S Y(R.JJJ)=Y(R,JJJ)+Sb(R.JJJ)+X1(II+1.JJJ)
33, JF(Y(R, JUJ).LT. 2)60 TQ 403
NN Y (R, WD =Y R, JUJ) -2
e : .t . SS(R, JJJ-1)=1 )

=03 CONT INUE y
o . IF(8S(R,1). EQ. 0260 TD 604
— ) DO 936 K=2, WWW. - C -
e T KisRW-R+2 3 ' "
v , Y(R.K1+1)av(a.xx> L '
Y v33 . CONTINUE e '

Y(R,2)=1
60 TO: 404
20 CONTINUE
DO 490 JJ=2, WWW
L0 Y(R, JU)=Y(R, JJU+1)
. IFCH(0, 1), EQ. X1(11+1,1))60 TO &20
Y{(R, 1)=1
t& GO 10 421
N 420 Y(R, 1)=0 .
- a1 WRITE(2, 923)R, (Y(R, JJ), KJ=1, WWW)
ook DO 888 B=F, (F+NC~-1)
4 - DO 777 Ju=1, WWk : ,
'«GE, 177 X1(B41, JU)=X(BeL, JJ)

" 88 CONTINUE
o 110 CONTINUE

‘-.
L
ats

Céﬁ*.*'**ENb OF LOOP 1 1 Q%963 50054053040 969 48 3638 30 3096 0 6 96 46 95 90 4 30 9 %

AR

AN 401 CONTINUE ‘

) :****¢§*§******END QF LOOP 401i**********l*******i*******
™ 4  FORMAT (12X, 140(I1)) . .-

SN 923  FORMAT(1X, I4,3X,140(I1)) : -
Ao~ CALL CLOSE (1, IER)

S IF (1ER. NE. 1)TYPE "CLOSE FILE ERROR", IER

N CALL CLOSE(2, IER) :

v IFCIER. NE. 1)TYPE “CLOSE FILE ERROR", IER . .
> $00  CALL EXIT ’ - )

f: END ¢ : -
255
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USER'S MANUAL PROGRAM CNES

FILE:

'DIRECTORY :

LANGUAGE :
DATE:
AUTHOR:

SUBJECT:

FUNCTION:

PROGRAM USE:

CNES

DP4 :OWEN
FORTRAN 5
September 1983

Harun Inanli

Calculating the Cascade-Nested Filter
Output Response.

This program computes the cascade-
nested filter output response. Each
second-order section is acting as an
individual nested filter. The output
of the first second-order section will
be the input to the next section. The
final second-order section output will
be the output response to the cascade-
nested structure. The necessary addi-
tion is carried out in two-s complement
and the output will be stored in binary.

The program is loaded by the following
command:

RLDR CNES @FLIB@

SUBROUTINE REQUIRED: None

FLOWGRAPH:
Type Figure
1, Two's Complement of Binary Number 26
2. Two's Complement Addition 28
3. Binary Multiplication ' 29
4, Shift-left and Shift-right 30
5. FIR Cascade-Nested Form Structure 35

EXECUTION OF THE PROGRAM AND ITS RESULTS:

CNES

NESTED STRUCTURE BINARY COEFFICIENT FILE NAME: NC
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RERF {REERk:

-
-

. BINARY INPUT FILE NAME: TI

e UNQUANTIZE BINARY OUTPUT NAME FOR NS: NO

o€ ENTER THE NEXT SECOND ORDER SECTION: NO
NEXT SECOND ORDER OUTPUT FILE: CNO

.:-.
s‘l .
+'e

&

L4

(oY

The content of the file NC and the file NO in

s

Program NEX and the TI in Appendix B are explained. The

.
.

file CNO, representing the cascade-nested form output

response, has the similar data to the file CTO explained in

XXOGAE

_a

Program COUT.

(]
.
i}
ot

-3

2%
ROOA
e %a % 4
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v 123
»
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» ,'.

188

- .'... . .._‘.-.‘. W
WY PRULR Y _x'.sd




TR T T L T WO W W, e v LASEARATIMG N he SRR DA S SN N A R .;Lv: O B S S N A S I Rt Il B '1

:
a
»
;: T T T T T T S ey -y 30 7 T r TR sy sy yyy-ryray PPy
o
o . PROGRAIN - CNES
e ot \ ALTHOR - HARUN  TNAMI.I
: ' ‘ LATE : SEPTEMBER 83
2 LANMGUAGH FORTRAN 5
4
2 FUNCT ION: THIS PROGRAM IS USED TO CALCULATE THE FILTEI
e . OUTPUT BASED ON CASC~DE-NESTED STRUCTURE
-{ e THAT IS, EACH SECOND ORDER COMPONETS 0OF THiI
- ¢ CCASCADE FILTER ARE !N NESTED FORM THE NEGA]
v < NUMBER IS REPERESENT{D IN TWO’S COMPLEMENT
’E i SUMMATION IS CARRIED OUT IN THIS NUMBER SY3
} >
" ~' C 8 36 36 98 3030 90 396 3 96 9 36 35 36 30 98 3 36 30 30 36 3096 36 30 96 30 36 3 3 30 3 36 3696 36 96 40 46 9% 35 35 46 36 2 96 35 b T 36 I 96 3 9 96 96 90 4 % 3 946 |
e INTEGER OUTFILE(7), OUTF(7), XX(20, 140), Y(20, 140), X1(20, 140)
INTEGER X(20, 140), H(20. 140), P(20, 140), SS(20., 140), PP (20, 140)
3 INTEGER IW,NC,CW.S,\J, 1,J1, R, K, 11, KKK, F, RF, Q, @G, QUTD(7), CWlW
s ACCEPT"NESTED STRUCTURE BINERY COEFFICIEN FILE NAME : "
- READ( 11, SO)OUTFILE(1)
W 50 FURMAT(513)
" CALL OPENC(1, QUTFILE, 1., IER)
READ(1, 60)NC
READ(1, 60)CW
N 50 FORMAT ( 95X, 14)
- DO 200 1J=0, (NC-1)
) \ DO 201 JJ=1, (2#CU+1)
A 201 H(TJ. JJI=0

200 CONT INUE
CreeuintuxBINARY MESTED FILTER COEFFICIENTS ARE READ BY#####itss

c MEANS OF CHANNEL (1)
c

PO 70 I=0, (NC-1)
70 READ( 1., 80)<Q, (HC(I, K), k=1, CW))
20 FORMAT(1X. 14, 10X, 140(I1))

CaLL CLOSE(L, IER)

LACAR N,

W 1IF(IER NE. 1)TYPE"CLOSE FILE ERROR", I!'R
~ .
.
:E Teanpnxd ttdNESTED FILTER COEFFICTIENT #4338 ¢ %4t %854 #3309 %

i

Ceanenes weTHE INMPUT TO THE FILTER IS READ FRuMiv#R#F&E®E®LNE
L THE FILE BY MEANS OF CHANNEL « i)

. LY
« et Yy

ACCEPT"UINERY INPUT FILE NAME : *
READ(11, 10)OUTFILE(L)
{0 FORMAT(SLES)
CALL OPEN(1, QUTFILE., 1, IER)
IFCIER. NE. 1) TYPE"OPEN INPUT FILE ERRi . ", 1ER
READ(1, 30) 8
- 20 FORMAT (20X, 19)
READ(1, 30)1W
\v»**********FIRbT SECOND ORDER FILTER OUTPU IS A 45 5096 16 46 6 9 S48 1 K3 B

- r‘.:i" '.

(,"v,., o
.

_& STORED IN THE FILE DY MEANS :

. e : CHANNEL (2)

fi o ACCEPT"UNGQUANTIZED BINERY OUTPUT MNAM. FOR NS : "
g* RFEADC1L, 100)0UTF (L) :

..o

SRy i URMAT (S513)
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Ei Cel o DF (LUWCOUTF, 1IER)

o iF 1ER EQ. 13)G0 TD 101 '

- TF {ER NE. 1)TYPE"DELETE FILE ERROR", IEN
S : 1 CALL CFILW(OUTF, 2, IER)

e NEY IF(IER ME. 1)TYPE"CREATE FILE ERROR”, IEh

Ll OPCENCD, QUTF, 3, 1ER) ' ‘

sFVIER ME. 1) TYPE"OPEM FILE CRROR". IER
=2 (W

fllﬁ;

v Wil =2 [ W+ 1
? et W et

: Wil =2#1W+2
CHW=CW+1

THE BEGINING OF THE CALCULATION OF THE OU JT

C 2 @ 2 0 90 30 0 3595 4 2040 008 36 95 63090 6 3 S 36 40 303646 309036 36909 146 36 36 9635 30 30 36 36 35 2 30 96 30 0 9630 3 36 96 6 %
o

.

: FOR CASCADE~NESTED STRUCTURE

.~
'.

RF=0
CGa=0
IB=G
IA=0
1C=0
R=0Q
IF(RF. EQ. 0)GO TO 513
IF(RF. GT. (NC-1))60 T(O .500
- --anenF IRST SECOND ORDER FILTER OQUTPUT., WHI %k nits
IS INPUT TO THE NGXT SECOND ORICR
= FILTER, 1S READ BY MEANS OF
NN CHANNEL.(2)

ACCEPT"ENTER THE NEXT SECOND ORDER SEC7iON : "
READ(11, 100)QUTF (1)
CALL OPEN(2, OUTF. 1. IER)
IF (IER. NE. 1 )TYPE“OPEN FILE ERROR", IER
REWIND 2
Cenw-annnenTHE NEXT SECOND ORDER OUTPUT IS STOR. D% ssessit
C IN THE FILE BY MEANS OF CHANNEL (3)

ACCEPT"NMEXT SECONMD ORDER OUTPUT FILE : *

READ(11, 100)0UTD(1)

CAiLL. DFILW(OUTD, 1IER)

IF{IER. EQ. 13)6G0 TO 5864

IF(IER. NE. 1) TYPE "DELETE FILE ERROR", I£.!
Lo CALL CFILW(OUTD, 2, IER)

IF(1IER. NE. {)TYPE"CREATE FILE ERROR", IEi

CALLL OPEN(3, OUTD, 3, 1ER)

IF(1ER. NE. 1) TYPE"OPEN FILE ERROR", 1ER

WRITE(T, 910)1IW

WRITE(D, 91418

» A CONT INUE '
) Csvozwke®THIS PART IS USED TO FIND THE OUTPUT (07 % #a% 5 katstae
E; C FEACH SECOND ORDER FILTER
e~ AT 1ert
Tt IF(RF NE.0)GD TO 454

IFCL EQ 36)60 TO 434
IFtl EQ 300:00 TO 404

190




i o LLEQ. U160 TO 434 1
- T EQ 1200 TO 434 \
» i 1 FQ 120)60 TO 434 |
3 L EG 60)6a TO 434

ORI Tro{aEQ ZH0)G0 TO 430
b R T EQ 300060 TO 433
VoA FQ 2a0)6GD TR 433

i S lAa 290186050 TO 423
.ﬂ U 1A 0. 120060 TO 433
" ti C1A. EQ. 60)G0 TO 433
N frae wanr- W THE LOOP 20 IS USED TO READ INPUT %' 5 86%8% 8%
¢ .
TR DO 20 J=IA, (TA+9)
e READ( 1, 40. END=41) (X(J, KKR), KK=1, IW)
G4 COMT INUE
AL

-

e sk twEND OF LGP 209955 3 356 3 56 36 36 336 46 5096 353638 94 3094
. v U 1Y
"W, iF T EQ 360)60 TO 16
iF(i. EQ. 300)G0 TO 14
IFi{l. EQ. 240)60 TO 14
tF{I. EQ 18060 TO 146
1F:1 EQ. 120)60 1O 1&
IF(I EQ.&0)COD TO (&
[V {1A EQ. 350)G0 TU 17
IF{1A EQ.200)60 TO 17
(Film £€Q. 240)C0 TO 17
[FClA EQ 1OO0)GD TO (7
TF IA 4 120)60 TO 17
IF 1 EQ 403D TO 17
e adaThHE (QOP 4302 1S USED TO READ THE INPUT ek rixseisk

C MEXT SECUND UORDER FILTER
¢
15 DD 4%2 u=1A, (TA+9)
Ll READ(2, 223, END=453)Q, (X{(J, JJ), JU=1, W)

<D CONTINUE

aetagtdbEND OF LOOP  §529%% 569389 3 369 963 %9 3 369646 409096 36+ <

- GO T INUE

se-anndeTHIS PART OF THE PROCRAM 1S USED TO®+ -sr#iitinn
FIND THE Y(O)

~

[P I

IF(IB EQ. 1)C0O TO 412

2 SN )
. . 'y
-' e .
—

O IB=1
o DO 3586 JI=IWW, WWW
" Tee L0, W) =0

RO 413 JJd=1, WWW
Y0, JJI=0
5700, JJ) =0
410 CONTINUE

Y
'. ."‘:"_' k"’.“ o -

~, DO 414 N=2,CW

! KK=CW—N+2

At IF(H(O, KK). EQ. 1)G0 TO 415
e ats DU 416 K=2, WWW

q K1 =W -K +2

SRR Y(0, K1 +1)=Y(0, K1)
Y KRP CONT INUE

R: ) Y, 2)Y=0

}- 1A A
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» oAt Ju=g, Wik
GII=WH-- DU+ 2
YO AW =Y 0 JJD) #8550, JIJ)+X(0, Ju
IFCY U, I LT. 2000 TO 447
Y (O, 2402=Y(0, JJJ) -2
850, JJJ—-1)=1}
N CONT ITNUKE
1F(S8(¢(0. 1). EQ 0)G0 TO 414
LU 41 K=2, WWW
Ki=biWW--K+2
Y{Q, K1+1)=Y(0O, K1)
-9 CONTINUE
Y{(0,2)=-1
G0 TO 411
SR ) OMT INUE
14} 333 Ju=1, WKW
DI ¢ (0, I =Y (0, JJ+1)
{CIRFONE. 0)GO TO 455
W ITE(Z, ©23)QQ, (Y0, JJ), JJ=1, WWW)
0 TO 418
R LiITE(G, 423)Qa, (YD, St i, W)

saraey WCIPLITTION OF THE YO ) #4565 0% 64650628 6 = w46 46464 #
il 2 Livzed
0 401 -1, (1+9)
IF(RF. EQG. 6)G0 TO 500
IF(R. EQ §)6G0 TO 485
DO 501 L=1, WW!

01 XX{R, L)=0
IF(R. €7. 2)60 TO 310
KKK=R
Fi=0
30 TG a2
. 310 KKK=2
F=R-2
i DO 35% JU=IWW, WWW
et X (R, JJ)=0
DO 770G JJ=1, Wuk
’78 X1 R, JW=X(R, JU)
- IF(R. GC (1+9))G0 TO 400
. T wgexseesTHE LOOP 110 1S USED TO CALCULATE THE QUTPUT k%% %% k"
N : OF EACH SECOND ORDER FILTER "NE BY ONE
N oe, L
v DO 110 1I=F, (F+2)
o TF{KKK. GE. 2)G0 TO 444
ii JI=KKK-11
el G0 10 449
e 444 Vi=R-17
e 449 IF(JI. LE. 0)60 TO 401
- DO 500 JI=IWW, Wk
- 560 H{J1, JJ)=0

DG L1l JJ=1, WWuW
SC(I. yJr=0
PFOLT. D=0
1l CUNT INUE
. ww%e:aTHE LLOOP 112 1S USED FOR BINERY MILY TLICATICNHk®u ks

. N

g
L

e
L S
.

.'I"l
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N DO 11 M=2, WWh |
2 » KK Lvil =N+ 2

o IF(HOIL, ®5) ER. 1150 T 143

o b O 114 K=2, Wik

Wb -K + 2
Paoll,KRliet P KED
o Jwrli INUE
P(II.2)=0
G TO 112
113 DO 115 JJI=2, Wkl
W= JJ+id
- POIT, JUNI=PIT, JUJ) ¢X1(L T, JJJ 5511, JIJ)
IF(PCTIT, JUIY. LT . 2)6GO TO 1185
POIL, JUD=P(LI, JUJ) -2
5511, JUJ-1)=1
1. CONT INUE
IF(S5(II,1). EQ. 0)CO TO 116
P 200 K=2. LW
KWW -K+ 2
Pitl,R1+1)=P(11,K1)

IR CONTINUE
P(II, 2)=1
GU 0 'Ll

fad CONT INMUEZ

s epantreeEND OF LDOP 1 128% %553 0490 036 0 04000 3 8 5 3¢
LO 467 JJU=2, WWW

= R PUTL, SJY=P (1T, JU+1)
'Ep IF (H¢JT, 1), EQ. X1€11,1))60 TO 118
. PCLI, 1):=1
30 10 119
(h A B, 1)=0 '

(wotrtenenrsranTHE BEGINING OF THE TWO’S COMPLEM:NT OF PHatiuit wawx

N IF(P(1T. 1) . € 060 TO 120
DO 121 JUJ=2, WWl
IF(P{II, ). EQ.0)GD TO 122
PLLT, JJ)=Q

GO TO 121
gt P(II,JJ)=1
1=l CONTINUE

DO 130 JJu=1, WWW—1
PP<{11, JJ)=0
SS(I11,JJ)=0
g CONTINUE
PP(II, WHW)=1
SS(II, WkW)=0
DO 131 JJu=2, WhW
W= hW=JJ+2
P(IX, JIII=P(TY, JUJI+PP(II, JIJ)I+8L 11, JU))
IF(P(II,JJJ). LT. 2)G0 TO 131
PILI, JUJI=P{11, yJJ)-2
S8SC1L10 JIJ-1)=1
CTONTINULE

-

9

»
‘vy

Goewes caept o (F TWO'S COMPLEMENT OF P aestdesen |«

193
........ T e A i ,\..-.._\‘.-.__:;‘.:;‘.;_,; '3‘.
. T L L S L AU N AR s T Tk T e, L L S § ¢
e Vot AP ML .4t . e S O IR v e et N e o RTINS W
-'.\'.'-L\i\_h..?:-?_-,'-.-‘.".Q..}_, "A\:l}:l}.t%.h:’.g\al' LY PRI TS A I LA 3




s - Dot e ond o Tt octl e Il Sl Toult Nadl Sl Vil S R
- o 1 ‘ e S o A" BANI Cotec S e BRC I MM SAG ST AL R L R - s
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A . 4
P .. resreeTHE BEGIMING OF TWG’S COMPLEMENT OF L(II4+1)#ussnsssn
N .

e - TF X1(11+#1, 1) EQ 0)60 TO 123

SIS DO 1&4 JJ=2, bkl

AN IF(X1CITI+1. JJ). G 00 TO 126

Uit el Jdy=0
G4 10 124

" : X10UIed, Jd) o1
o o CONT LNUE
1 DO 135 JJ=1, WWW -1
- PR(I1, JJ)=0

SS(I1, JJ)=0

: ) CONTINVUE
3 PPCTT, bW =1
bR SS(I1, WWW)=0
o DO 136 JJ=2, Wk
e NNNENRATN RS ‘

XLCTT41, DI =X1(11+1, JUJ) +PP (11, JJJ) +SS(11. JUJ)
IF(CLCITI+1, JUJ) . LT. 2)60 TO 136

% X1CI1e1, DO =XT(ITI+1, JUJ) -2
e SS(I1, JUJI~1)r=1
v Cn CONTINUE
, LrpeesreesIND OF THO’S COMPLEMENT X1 (IT+1)a#: -ausininen
T 133 DO 137 JJ=1, WWi '
<5 NN NS

2 X1CTI41, JJI+1I=X1 (I T+1, JUD)

i- LT CONTINUE
. - X1(1I+1,1)=0 :

‘;9 CrivrernTHIS PART 1S USED FOR TWO'S COMPLEMENT BINERY 44 #3445 0%

N ¢ ADDITION
54 .
¥ DO 138 JJ=1, WWi
P QL SS( 11, N)=0
&¥ : DO 140  JJ=2, Wil
i NNNST NN
’ XX (R JUD =X ETT+1, JOUD #P(T1, U #5511, JU)

s IF(XX (R, JJJI. LT. 2)60 TO 140
£ XX (R, JUDI=XX (R, JIJ) -2
o SS( 11, JUU-1)=1

La CONT INUE

_ IF(SS(I1,1). EQ. 1)G0 TO 949
- IF(SS(11,2).EQ. 1)C0 TO 749
BN DO 948 JJ=1, WWi
o i XX (R, JUI=XX (R, JJ+1)

.
“wrsawsEND OF TWO’S COMPLEMENT ADDITIONw®#asu#s -na#

. (. kxaesedTHE BEGINING OF THE -TWO’S COMPLEMENT U «##kstu¥e
gy ' sSuM
- TR IF(XX(R, 1). EG. 0)60 TO 478
ul DO 14t JU=2, WWW

] - IF(YX(R,hJ). EQ. 0)GO TO 149

SIS P XX (R, JJI=0
N 30 TO 148
::4' Y42 XX<{R, JJ)=t

194
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CONT 1ribie

DO 150 JJ=1, WWW -]
PROR, U =0
E8(KR, JJ)=0

CONT INVE

PP (R, WiW)=1

85 (R, LiWW) =0

DO 151 JJU=a, LikiW
JSJ=UWW=JJ+2

— ...

XX (R, JUDI=2XX (R, JIJ) +PF (Ry JUJ I +SE (R, JIJ)

IF(XX(R, JUJ).LT. 2) GO TO 151
XXA{R, JWIJ)=XX(R, JUJ) -2
SS(R, JJJ-1)=1
CONT INUVE
DO 743 JJu=1, WWW
X1(IX#1, JJI=XX(R, JJ)
DO 695 Ju=1, Wl
XX{(R, JJ)=0 .

IF(I1 EQ. (R-1))6G0 TO 153
GO TO 110
DO 610 JJ=1, WWL
Y (R, \WJ)=0
S5(R, JJ)=C
CONTINUE
DO 400 N=2, CW
KK=CW-N+2
IF(H(O, KK) EQ. 1)60 TO 401
DO 602 K=2, WWW
K1 =i —-K+2
Y{R, K1+1)=Y(R, K1)
CONTINUE
Y (R, 2)=0
60 TO 600
DO 03 JJ=2, WWii
VIJ=WRH~JI+2

CnerssnntEND OF TWO’S COMPLEMENT OF SUMSEEE #5580 #8508

Y (R, JJJ)YaY (R, JUJ)+BB(R, JJJI+X1{II+1, JJJ)

IF(Y(R, JJJ).LT. 2)60 TO 603
YR, JUJ) =Y (R, JUJ) -2
SS(R, JJJ~-1)=1
CONT INUE
IF{5S(R, 1). EQ. 0)G0 TO 404
DO 933 K=2, WWkW
s WWW—-K+2
Y(R, K1+1)=Y(R, K})
COHT INVE
YR, 2)=}
0 TO 404
CONTINUE
DO 690 JJ=2, Wil
IF(H(O, 1).EG. X1(1I+1,1))60 TO 620
Y(R, 1)=}
GO TO 621
Y(R, 1)=0
IF(RF.NE. 0)G0O TO S26
IF(R. FQ. 0)G0O TO 110
WRITE(2, 923)R, (YR, JJ),

JJu=1, WWW)

PRI LI ORI I NN N T Y

END OF “ALCULATION OF EACH OUTPUT , on FIRST
TIND GFDER FILTER® %8884 10 = 5050834 0%
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3
)\
2
>, ——— el . -
Py DU 803 B=F, (F+2) S e )
; ) DO 777 JJ=1, WWW
AR5 ' N EY LI PRVEIES SRTRS INNY
By e ool CONT IMUE
’ IF(R. Q. (8--1))G0 TO 76u
J GO TQ 761
% - 26 IF(R. Q. 0)CO TO 110
.. WRITC (3, 223)R, (Y(R, JJ), JJ=1, WWW)
L) v
> i CND OF CALCULATION OF EACH OUTPUT FOF EXT
Conntien r®SECOND OUORDER F ILTER#%%%%%% 59894955598 8 35 » 3 50305 9596 465 39 9 96 3% 965 3 9 3 3%
5 DO 458 B=F, (F+2)
' DU 459 JJ=1, WWk
; 459 X1(B+1, JJ))=X{(B+1, JJ)
oY 458 CONT INUE
oh IF(R. NE. (S-1))G0 TO 761
CALL CLOSE(3, IER)
K- IF(IER. NE. 1 )TYPE"CLOSE FILE ERROR . IR
: Tal CONT INUE
i 110 CONT INUE
B :
Fa JreepaeenEND OF CALCULATION OF FIRST SECOND 0. UER FILTER#%####%
1 CONT INUVE
- 4 FURMAT(12X, 140¢11))
742 CALL CLOSE (L, IER)
> IF{1ER. NE. 1)TYPE "CLOSE FILE ERROR"™, I:.1{
Ry s CALL CLOSE (2. IER)
lﬂ’ [S(1ER. NE. { )TYPE"CLOSE FILE ERROR", Ii
o TS NG 493 JJ=1., CW
> HOO: JU) =HIRF +3, JJ)
N H(1, JU=H(RF+4, JJ)
N H(2, JJ) =H(RF+5, JJ)
L 493  CONTINUE
. RF=RF+3
\ IF(RF.EQ. NC)GO TO 500
i, 60 TO 525
) ©15  FORMAT(2X, I5)
é S16 FORMAT(1X, 1I5)
) C END OF CALCULATION OF THE CASCADE-~NE: /ED STRUCTURE
2 QUTPUT :
¥ : kBT TR 2L LI LS S22 L2 2 el il iRttty el L2t
) 500 CALL EXIT
b L.ND
‘e
E@g
e 196
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\J_\'
N
“t 5
MR USER'S MANUAL PROGRAM PNES
-I
I FILE: PNES
%; DIRECTORY: DP4 :0OWEN
o LANGUAGE: FORTRAN 5
e DATE: September 1983
\‘A.‘
2B AUTHOR : Harun Inanli
an SUBJECT: Calculating the Parallel-Nested Filter
f\ Output Response.
ﬁk FUNCTION: This program is used to calculate the
PN parallel-nested filter output response.
Each second-order section is acting as
. an individual nested filter. The out-
ﬁ; puts of each second-order section is
N stored in different files. Then, they
N are added together in two's complement.
oA . The result will be the output response
‘cap - of the parallel-nested filter structure.
- ;
\ﬁ PROGRAM USE: The program is loaded by the following
oo, command:
o
" RLDR PNES @FLIB@
:g- SUBROUTINE REQUIRED: None
D)
oy FLOWGRAPH:
AN
*ff Type Figure
o 1. Two's Complement of Binary Numbers 26
SN 2. Two's Complement Addition 28
~Ta 3. Binary Multiplication 29
2 4. Shift-left and Shift-right 30
ot 5. FIR Parallel-Nested Form Structure 36
o EXECUTION OF THE PROGRAM AND ITS RESULTS:
e
e PNES
e NESTED STRUCTURE BINARY COEFFICIENT FILE NAME: NC
ot BINARY INPUT FILE NAME: TI
e UNQUANTIZED BINARY OUTPUT NAME FOR NS: NO
s NEXT SECOND ORDER OUTPUT FILE: NO1
" 197




FIRST SECOND ORDER FILTER OUTPUT: NO

ENTER THE FILE NAME FOR FIRST SECOND ORDER: NO2
NEXT SECOND ORDER OUTPUT FILE: NO1

FIRST SECOND ORDER OUTPUT FILE: NO2

ENTER PARALLEL OUTPUT FILE STRUCTURE: PPO

The content of the file NC is the same as the file
NC explained in Program CNES. The file TI is explained in
Appendix B, The file NO, NOl, NO2 has the similar data to
the file NO explained in Program CNES. The file PPO,
representing the parallel-nested filter output response, is

also similar to the file CPO explained in Program CNES,

: 198




T T T P T T T e T tar vy e W T F TN R NS TS THTSENRR B NS

:
P
N -- - -~
L.
:S \: B - P W R X R A S R R MR- R R SRERIES LR Y & X 1 1 X4 ety T 22X T2 XX XY ERRE Y S
' PR AM vt s
; A HIUR . CINUN TricNL
. Do b SEP TEMBER 873
X LANGUAGE: FORTHRAN 9
' FUNCTION. T41S PROGRAM IS USED TO “ALCULATE THE FILTER
IUTPUT BASED ON PARALLE -NESTED STRUCTURE
> : THAT IS, ENCH SECOND OK: <R COMPANENT OF THE
. PARALLEL FIL.TER ARE IN | ESTED FORM THE NEGATIVE
- NUMBER 1S REPRESENTED Ii. TWO’S COMPLEMENT.
X - THEN SUMMATION IS CARRI1: O QUT IN THIS NUMBER
' ; SYSTEM, TOUL.
) ‘ R Iy yyyyyy vy 2R X AR AL 22 2L LS LAY L 2 2 2l Ll Yy
y INTEGER QUTEILE(7). DUTF{7), XX(20, 140), Y' 20, 140), X1(20, 140)
' (MITGER X G20, 1405, H(D0, 140), P(20, 140), ¢ (20, 140), PP(20, 130)
X INTEGER IW. NGO CW. S: L 1L, JIL,R K TILUAF. R Q, GQ, QUTD(7), Cli
‘ INTEGER JB, JL, RR. (RITA(T7), QUTFM(7)
ATTEPTUNESIFD STHOCTURE DINERY COEFFICH M FILE NAME . ¢
¥ RE~DOLL, 9OGUTFILE (L)
) ' FORMAT (51%)
N CALL OPENC1, OUTFILF. §, TER)
> REAT L, £0) 0
O REAG{ 1, 60)Cwn
% al’ FORMAT(DX, 14)
b PO 200 I1.J=0. (NC--1)
. DN 201 1, (2aCUWE])
-:'}" H(IJo \‘\J) -0 .
N 00 CONTINUE
connrnantenBINERY NESTED FILTER COEFFICIENTS AiE READ BY#a##usus
v MHEANS OF CHANNEL (1)
o I
] DQ 70 I=0, (NC-1)
o 70 READ(1,80)(Q, (H(I,K), K=),CW))
80 FORMAT(1X, I4, 10X, 140(11))
CALLL CLOSE(1, IER)
v IF(LER. NE. L) TYPE"CLOSE FILE ERROR",IER
o C
' Censannnnntt#NESTED FILTER COEFFICIENT###8888%% < #4800 04000
- C
> CoansannuaTHE INPUT TO THE FILTER 15 READ FROM# t### #8888 5444048
- (o THE FILE BY MEANS (OF CHANNEL (1)
. C
- ACCEPT"BINEKY INPUT FILE NAME @ *
~ READ(11, 1OOOUTFILE(1)
N 10 FORMAT(G1S)
~ CALL OPEN(1, OUTFILE, i, IER)
IF(IER. NE 1)TYPE"OPEN INPUT FILE ERROR ", IER
YERENN READ(1,30) S
} ¥,
A 30 FORMAT (20X, 15)
4 READC1, 30) 1 U
\ 199
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1
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2’y
CnrsanneeF IRST SECUND ORDER FILTER OUTPUT IS i OREDSI#48%0 %558 %0
ov) : IN (HE FILE BY MEANS OF CHANNEI «2)
fs C /
Ay . ACLEPT"UNGUANT I ZED BINERY OQUTPUT NAME + IR NS : "
SR EBANS READ (11, 100)0UTF(1)
PR i00  FORMAT(SI9)
CALL DFILW(OUTE, IER)

N IF{IER. EQ. 13)60 TO 101

=3 IF(IER. NE. 1) TYPE"DELETE FILE ERROR", IE!

- 171 CALL CFILMW(BUTF, 2, 1ER)
1ON If {IER. ME. i ) TYPE"CREATE FILE ERROR", 1E.

CALL OPEN(2, QUTF, 3, 1ER)

5 IF(IER. NE. | ) TYPE"OPEN FILE C.RROR", IER

W W= r1W
- W= 2% W+ 1
S8 . i = T+ |
N W1 =2# (W2
o CWW=CW+1
. DER- TSNS I LI AT SIS I AL I IR L 222 2R L 2L R L S LA Ly
A3 “

o 3 THE BEGINUNGC OF THE CALCULATION OF THE UTPUT FOR
MY C EACH SECOND ORDER MESTED STRUC #E

v RF =3
-y QQ@=J

o SR ¥ Y

0 1A=0

- 1C=0

o R=0
o \Gib IFIRF EG 0G0 TO 510

y IF(RF. GT. (NC-1))80 TO 500
L, -re=ae#NEXT SECOND ORDER OUTPUT IS WRITTEN TO 'HE FILE®®##88%%%0%
T . BY MEANS OF CHANNEL (3)
S ACCEFT“NEXT SECOND ORDER OUTPUT FILE :

READ(11, 100)0UTD(1)

CALL DFILW(OUTD, TE

IF(IER. EQ 13)G60 TO 584

IF{IER. NE. 1) TYPE "DLLETE FILE ERROR". £
"5 CALL CFILW(OUTD, 2, LER)

IF{1IER. NE. 1) TYPE"CREATE FILE ERROR", IER

CALL OPEN(3, OUTD, 3. 1ER)

IF.IER. NE. 1) TYPE"OPEN FILE CRROR", 1ER
REWIND 1

"".‘.
3

Ul
.

2o te

st READ(1, 3006
e READ(1, 30) 14
10 517 CONTINVE
- > DTN I=sR
e IF(I. EQ. 360)CO TO 431
2 1IF(I EG. 300¢0 TO 434 |
i IF(1. EG. 21G)u0 TO 4234 f"h‘;?mmnc'
N :F‘ ; EQ' ‘gg’gg ;g 424 bes! available coDYB
e Fq Q. 12016 LRy —
IF (1. EQ. 40)60 TO 434 PAGES
. o IF(IA EQ. 360060 10 a3
Ny IF(1A. EQ. 30060 O 433
s IF (1A £Q. 240)G0 TO 4754
;} [Fila EQ 180)CO TO 47}
v Ir (A EQ. 120)C0 TO 433

1If/ 1A EQG &0)G0 T 1T
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Digital Filter Outputs and Plots

P AL

A

Appendix D contains the program and user's manual

for digital filter outputs and plots. Each program user's

manual explains what the program does. These are called

S

as follows:
1. OUT1
2. PLOT

S NP

3. PLOT1
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USER'S MANUAL PROGRAM OUT1

FILE: OUT1

DIRECTORY: DP4:OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: Harun Inanli

SUBJECT: Quantizing the Unquantized Output.
FUNCTION: This program quantizes the output

filter response according to user
requirements of either the truncating
or the rounding technique.

PROGRAM USE: The program is loaded by the following
command:

RLDR OUT1 @FLIB@
SUBROUTINE REQUIRED: None

FLOWGRAPH :
Type - Figure
1. Two's Complement of Binary Numbers 26
2. Binary to Decimal Converter 27

EXECUTION OF THE PROGRAM AND ITS RESULTS:

OUT1

ENTER UNQUANTIZE OUTPUT FILE NAME: NO

ENTER OUTPUT FILE NAME FOR PLOT: PO

QUANTIZATION TYPE (1-TRUNCATION, O-ROUNDING) 1

The file NO, representing the digital filter output

in binary, is explained in Appendix C. The file PO shown
below is representing the number of coefficient with 100 at

the top, the coefficient numbers at the first column, the
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truncated coefficients based on 20 bits output register at
AN the second column, the truncated coefficients based on 10

o~ bits output register at the third column and the difference

KN R
s A & A

between these two truncated coefficients.

X,

- PO
o 100
o~ 0 .9727478E-03 . 0000000E 00 .9727478E-03
= 1 .3112793E-02 .1953125E-02 .1159668E-02
N 2 .6874084E-02 .5859375E-02 .1014709E-02
3 .9014130E-02 . 7812500E-02 .1201630E-02
4 .9986877E-02 .9765625E-02 .2212524E-03
5 .9986877E-02 .9765625E-02 .2212524E-03
6 .9986877E-02 .9765625E-02 .2212524E-03
7 .9986877E-02 .9765625E-02 .2212524E-03
8 .9986877E-02 .9765625E-02 .2212524E-03
9 .9986877E-02 .9765625E-02 .2212524E-03
10 .9014130E-02 .7812500E-02 .1201630E-02
11 .6874084E-02 .5859375E-02 .1014709E-02
12 .3112793E-02 .1953125E-02 .1159668E-02
13 .9727478E-03 .0000000E 00 .9727478E-03
14 .0000000E 00 .0000000E 00 .0000000E 00
15 .0000000E 00 .0000000E 00 .0000000E 00
16 .0000000E 00 .0000000E 00 .0000000E 00
17 .0000000E 00 .0000000E 00 .0000000E 00
18 .0000000E 00 .0000000E 00 .0000000E 00
19 .0000000E 00 .0000000E 00 .0000000E 00
20 .0000000E 00 .0000000E 00 .0000000E 00
")
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At : LLARGUAGCE

v OGN G THIS PROGRAM CONVERTS THil

OF THt: DICITEL FILTER QuUY
DECIMEL NUMBER SYSTEM.

LR d s L L LRt 21 22 2 22 22T X221 22 1 2 P8 SRS
SIMERTON YY(S90), YTS500), D(S00)
INTECER OUTFIWE(7), 0P, MM(20, 140), SS(20, i
tNTEGFR Y20, 1aQ), M0, 180), QUTF(S)
SN o v Wb (U 5. R

VITHE T TENTER UONGUSNTIZED QUTPUT FILD 14/

e oid - LODQUTLLHILE Y )
Tl Ll )
Y RN, GUOTFILE 3, 18R
it NE L) e PERGE M F IR CRRORY, IFR
e i, 206k
RN b8, (D)
CEALY L, TN S
TG X, D)
Il ATOLRS {4, DA, 1400108))
TUEPTUEINTER DUTPUT TMILE 0oBE FDR PLOT
AL, 900I0UTF(L )
CORMAT CLLD)
ALL CEFILWCOUTE, TEN)
FCIER EG 136G TO 260
FLTER MNE. 1)TyPEDELETE FiLFs ERROR", TER
ALl CFILWOUTF, 2, IO
FOIRR. NE. 1) TYPE"CREATE FILE ERROR", IER
Sl GPENCG2, BUTF, 3, 1ER)
TElER ME. L)TYPE"QPFM FILE ERROR”, IFR
CCEPTPQUANTIZATION TYRPE (S ~TRUNCATION, O -
GRUTE S, @31)8
DORFPAT 20X, T5)
) 3G =L (§-1), 20
TYe 0 RR
v 4 JT=HR, (RAA-1Y)
EEADCL, SO END=41)Q, (Y1, K), Keel, 2#0W+ )
JSCORT. EOQ 0)CGO TO 300
AR 8 K13 ¢ 3 ¢)
B R L R NE YT ISR IL YRS T E Y YL L YT T e

SNCLTION OF G T0N

Copy availuble
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W2 INGY ™, OPT
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USER'S MANUAL PROGRAM PLOT

FILE: PLOT

DIRECTORY: DP4:OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR: b Harun Inanli

SUBJECT: Producing the Input Signal Plot.
FUNCTION: This program plots both the input

and the scaled, as well as the quan-
tized, input signals. These data
come from the file TI1.

PROGRAM USE: The program is loaded by the follow-
ing command:

RLDR PLOT GRPH.LB @FLIB@

SUBROUTINE REQUIRED:

Name Location Purpose
GRPH.LB DP4F General graph plot

EXECUTION OF THE PROGRAM AND ITS RESULTS:

PLOT
INPUT FILE ANME FOR PLOT: TI1l

The content of the file TIl1 is explained in

Appendix B.

215

...................

HOATA SO A RO RIATY, af i S AN N S SRR AT LT A

LRSI

Ll L ]




- ., "- . ‘--

4
ﬁ
{
P
Py
A
9
s
1
M

(RS e .

et ats
.' ‘l

KL

Fot A A
LR N
Bl
l‘l

'

-
b
.
»

N nT

C it |

C

C

.

I 2 - .o >
i
A
[l
e
-

Co MTA

TN B
Lt
L.

Ll T

R SRR R

’ bl
S

23y P

[ {i_r
sl

R e

. R TR
s Yo valt PR . P BT T R DRI -
SRR IROAOAPORIFEINIRIATS VTS FA PRI

RSO Ao sl S Sl s R S AL NN S

Lt R gy R N ARt R Rt RS RER R L
HEES O
Fladaun Ltimnt )
SETEMTER G0

R FORTieer 9

THL. QCALED nS WELL AS T
133 KRTITIRK
BN TS FYEEET T ICEUF AN TR R 2.2 2 2 2 1 2 2 X BNLANS
‘JU] F‘ | B =4 ‘7): TR (O

st Y00, X nA0 L 2 900), T(O00)
NETUIEPY S SR LX)

CRUHIT Ve Pl Tlee QT oo
[ERURULY B S

.'t:‘)

Wt e UL QUTF LI L, e
" Sty
o AN e T
Oy i
Y AR E GURE A ISR I BALMINE D )
N BRI N lir I". g N El* 7 e ;::'-4 7) Z’.X: E14 7.

CLtrsl (L, (ki)

ViE L) TYRREPCLDG: FILT ERROR"™, JER

BT

SN IMCOT PLOTY, NG, T Us N MODE, Yt

COHAROYCHA, B0

NPT

216

‘e s te T

- - I T YL .t Ta et -
. B T L

THE FIgRe. PLOTS BATH -

PRI Y LR T RSRCE- TR T R AR beg L L 4 DL L4l Ll e

ME. 1)IYFL"CONMTINUE CHARACTER ERRUWY

LR P BB Ot e R e TR SIS e

7 N U TR U T

REE L. L 2 28 X8 4

LT AND
aTLZED 1MPUT

LRSI 2 L R )

v it T 3% 9 96 2k W 46 3 K % %

K IFSCL)

te 56 4630 $6 3 6 T2 98 36 9 2 W




"

| e s it B G R IR I ING

P

()

8 e

< Reose

.2

R S EE L LT

BERERT S M S
DR T YR

T
. e el

I

ey @ SR A —— . . ..
R £ 2 % KA TRUPET ISP STRETS I

BRI E TR 2 L X3 X ¥ T

RETE N O A S
W, :; i‘('

e n(‘ {',!4' .

PO NG To U

e

IN, YMAX, IFSCL)

vy SR L RECTER Eie, R

AT IS BET STW R

LR S B T ey

wge bk fe b g S 2 4t L2 22 Yt

SR 2 2.2 2 5 1 %

WRER s R B e

EECE R A X B XL TEPREN

SO MY,

TS D tee ST R, T UL Ny iMOLE P K, TELCL )

RERBERR S ht Rttt iita 4

217




'-.‘:'_-
-,

Py
}‘ y g e
o4 A

RN

et

- USER'S MANUAL PROGRAM PLOT1

FILE: PLOT1

DIRECTORY: DP4 :OWEN

LANGUAGE: FORTRAN 5

DATE: September 1983

AUTHOR : Harun Inanli

SUBJECT: Producing the Output Response Plot.
FUNCTION: This program plots the output response

of the digital filter according to data
given by the file PO. The contents of
the file PO is explained in Program
OUT1.

PROGRAM USE: The program is loaded by the follow-
‘ ing command.

RLDR PLOT1 GRPH.LB @FLIB@
SUBROUTINE REQUIRED:

Name Location Purpose
GRPH.LB DP4F General graph plot

EXECUTION OF THE PROGRAM AND ITS RESULTS:

PLOT1
QUANTIZE OUTPUT FILE NAME FOR PLOT: PO

The contents of the file PO is explained in Program

OUT1.
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One of the main problems in digital filter implemen-

tation is that all practical devices are of finite precision.
Therefore, the finite word length effect of digital filters

is an area of high interest.

There are various types of digital filter structures.
Due to the effect of finite word length registers, each
digital filter structure gives a slightly different output
response for the same transfer function. Therefore, it is
important to find the best filter structure which has the
lowest affect on the output response for the same transfer
function.

In this paper, six IIR (Infinite Impulse Response)

digital filters and six FIR (Finite Impulse Response) digital
filters are investigated, theoretically, for the low sensitiv-
ity due to a finite word length register. 1In addition, the
six FIR digital filters are simulated by computer to cobtain
practical results. Finally, it will be shown that NS (Nested
Structure) digital filters produce the best response for the

least amount of sensitivity.







